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Thanks for reading thus far. I'll leave you with a poem that seems especially apropos. 
THE TABLES TURNED 
UP! up! my Friend, and quit your books; 
Or surely you'll grow double: 
Up! up! my Friend, and clear your looks; 
Why all this toil and trouble? 
The sun, above the mountain's head, 
A freshening lustre mellow 
Through all the long green fields has spread, 
His first sweet evening yellow. 
Books! 'tis a dull and endless strife: 
Come, hear the woodland linnet, 
How sweet his music! on my life, 
There's more of wisdom in it. 
And hark! how blithe the throstle sings! 
He, too, is no mean preacher: 
Come forth into the light of things, 
Let Nature be your teacher. 
She has a world of ready wealth, 
Our minds and hearts to bless— 
Spontaneous wisdom breathed by health, 
Truth breathed by cheerfulness. 
One impulse from a vernal wood 
May teach you more of man, 
Of moral evil and of good, 
Than all the sages can. 
Sweet is the lore which Nature brings; 
Our meddling intellect 
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Mis-shapes the beauteous forms of things:— 
We murder to dissect. 
Close up those barren leaves; 
Come forth, and bring with you a heart 
That watches and receives. 
William Wordsworth, 1798. 
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Fishes are capable of regenerating sensory hair cells in the inner ear after exposure to 
excessive noise. However, a time course of auditory hair cell regeneration has not been 
characterized for zebrafish, nor has gene expression following noise exposure. To 
establish a time course of hair cell regeneration, adult zebrafish were exposed to a 100 Hz 
pure tone at 179 dB re 1 |u.Pa RMS for 36 hours, and then allowed to recover for 0 to 14 
days before morphological analysis. Hair cell loss and recovery were determined using 
phalloidin and DAPI labeling to visualize hair cell bundles and nuclei, respectively. Cell 
proliferation was quantified through BrdU labeling. Immediately following noise 
exposure, zebrafish saccules exhibited significant hair cell bundle loss and reduced DAPI 
staining in the caudal region. Hair cell bundle counts increased over the course of the 
experiment, reaching pre-treatment levels at 14 days post-noise exposure. Cell 
proliferation peaked two days post-noise exposure in the caudal region, and to a lesser 
extent in the rostral region. Low levels of proliferation were also observed in untreated 
controls, indicating that cells of the zebrafish saccule are mitotically active in the absence 
of a damaging event. To characterize gene expression in the zebrafish inner ear following 
noise exposure, fish were noise-exposed as above, and then allowed ta recover for 2 or 4 
days. The inner ears were then removed, and their RNA extracted and subjected to 
v i i 
microarray analysis. Genes putatively involved in cell proliferation, wound healing, and 
apoptosis were identified, as were genes previously noted as highly expressed in hair 
cells. Understanding the pathways in which these genes participate during the process of 
hair cell regeneration may provide direction in the development of treatments for 
deafness in the future. 
vni 
Chapter 1: Introduction 
Hearing impairment is a common ailment affecting at least 20.3 million 
Americans (Ries, 1994). Hearing impairment can be characterized as conductive, 
sensorineural, or mixed (conductive and sensorineural), depending on what part of the 
auditory pathway is damaged. Conductive hearing loss involves a reduction in the sound 
level that reaches the inner ear, and may involve obstruction, malformation, or damage of 
the tympanic membrane, ear canal, or bones of the middle ear. The sensory cells of the 
inner ear are unaffected in pure conductive hearing loss, and medical or surgical 
treatments are often effective in promoting normal hearing (Ray and Lustig, 2002). 
Sensorineural hearing loss (SNHL) involves damage to sensory cells in the 
cochlea or nerve pathways from the inner ear. Auditory hair cells, the sensory cells of the 
cochlea, can be damaged or destroyed due to noise exposure (CDC/NIOSH, 1998; Hu et 
al., 2000), ototoxic drugs (Wanamaker et al., 1998), and aging (Stamataki et al., 2006). 
Auditory hair cell loss is permanent in mammals, as these cells cannot be regenerated. 
Hearing in patients with SNHL may be augmented through the use of hearing aids or 
cochlear implants. However, these devices pose problems of their own. Hearing aids can 
be difficult to fit (Gault et al., 2007), and are sometimes painful or function poorly 
(Cohen-Mansfield and Taylor, 2004). Many people prefer to use other coping strategies 
to deal with their hearing impairment— only about 23% of hearing-impaired adults seek 
out and use hearing aids (Cox et al., 2005). Cochlear implant use requires surgery to 
position the device. Although risks associated with cochlear implant surgery are generally 
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minor and the incidence of major complications are rare, they still occur (Hashisaki and 
de Alarcon, 2004). Additionally, cochlear implantees require extensive training in order 
to understand speech patterns, as the number of frequencies transmitted by the implant is 
very small compared to the number detected by a normally-hearing ear (Fu and Galvin, 
2007). 
Recently, cell-based therapies have been investigated as alternative treatments for 
hearing impairment. Neural stem cells introduced to the inner ear may be capable of 
migrating to injured sites and differentiating into replacement cells (Parker et al., 2007). 
Gene manipulation may also be used to induce regenerative processes in the inner ear 
through disruption of cell signaling that inhibits cell proliferation, and by promoting hair 
cell differentiation (Lowenheim et al., 1999; Izumikawa et al., 2005; Sage et al., 2005). 
Non-mammalian vertebrates such as birds and fishes are capable of spontaneous 
hair cell regeneration in the inner ear and lateral line following a damaging event (Ryals 
and Rubel, 1988; Lombarte et al., 1993; Weisleder and Rubel, 1993; Harris et al., 2003; 
Smith et al., 2006; Hernandez et al., 2007). Gene expression following noise exposure 
has not yet been characterized in a fish model. The fish species with the most genetic 
information available is the zebrafish (Danio rerio). The zebrafish genome is currently 
being sequenced, and is expected to be fully sequenced and annotated by the end of 2008. 
Mammals share homologous genes with zebrafish that are known to affect inner ear 
structure and/or function (Hulander et al., 1998; Bermingham et al., 1999; Ernest et al., 
2000; Zheng et al., 2000; Hulander et al., 2003; Solomon et al., 2003; Millimaki et al., 
2007). The zebrafish (Danio rerio) is an emerging model organism for vertebrate inner 
ear development (Panizzi et al., 2007), and genetic diseases associated with hearing loss 
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such as Usher IB syndrome (Ernest et al., 2000), Long QT syndrome (Arnaout et al., 
2007) and Branchio-oto-renal syndrome (Abdelhak et al., 1997; Kozlowski et al., 2005). 
and may also serve as a genetic model for auditory hair cell regeneration. 
The purpose of this thesis is to identify genes involved in cell proliferation and 
auditory hair cell regeneration in the zebrafish following noise exposure. Before gene 
expression could be examined, a basic understanding of the time course of cell 
proliferation and hair cell regeneration was needed. Chapter 2 describes experiments that 
quantify this timeline in the saccules of zebrafish that have been exposed to acoustic 
trauma. Chapter 3 discusses microarray analysis of gene expression in noise-exposed 
zebrafish ears at time points where hair cell proliferation was expected to be greatest. An 
overall review of the findings of this thesis, and suggested future directions for this line 
of study, are summarized in Chapter 4. 
Chapter 2: Time course of proliferation and hair cell regeneration 
I. Introduction 
Fishes are capable of regenerating auditory and vesibular hair cells in the inner 
ear that have been lost due to acoustic trauma or exposure to ototoxic chemicals. Inner 
ear hair cell regeneration has been demonstrated in the goldfish (Carassius auratus) 
saccule (Smith et al., 2006), and oscar (Astronotus ocellatus) utricle and lagena 
(Lombarte et al., 1993). The regenerative abilities of inner ear hair cells in the zebrafish 
{Danio rerio) have not been characterized, but neuromast hair cells in the lateral line of 
zebrafish exposed to copper sulfate or neomycin have been shown to regenerate (Harris 
et al, 2003; Hernandez et al., 2007). Hair cells of the inner ear and lateral line are very 
similar in structure and function (Coombs and Montgomery, 1999). Data concerning 
regeneration of hair cells in the zebrafish inner ear is necessary in order to more fully 
establish the zebrafish as a model for vertebrate hearing. 
The surface of the sensory epithelium of the fish saccule contains auditory hair 
cells which are separated from each other by the apical processes of non-sensory 
supporting cells (Lanford et al., 2000). Bundles of microvilli (called stereocilia) project 
from a cuticular plate located at the apical end of the hair cell and are composed primarily 
of actin (Presson et al. 1996). This ciliary structure is a well-conserved feature of sensory 
hair cells in vertebrates (reviewed in Fritzch et al., 2006). Hair cells function similarly 
among vertebrates as well; deflection of the stereociliary bundle allows transduction 
channels to open, which depolarizes the hair cells of vertebrates such as bullfrogs 
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(Kozlov et al., 2007), chicks (Ohmon, 1984), gerbils (He et al., 2004), and fish (Sidi et 
a l , 2003). 
Sensory hair cells may be lost due to loud or prolonged noise-exposure (Hu et al., 
2000), ototoxic drugs (Wanamaker et al., 1998), and age (Stamataki et al., 2006). The 
ability of animals to replace lost hair cells varies by species and by organ. Non-
mammalian vertebrates show a more robust regenerative response to hair cell damage. 
Fish and birds spontaneously regenerate hair cells in both the vestibular and auditory 
portions of the inner ear (Ryals and Rubel, 1988; Lombarte et al., 1993; Weisleder and 
Rubel, 1993; Radeloff and Smolders, 2006; Smith et al., 2006). Urodele amphibians have 
been shown to regenerate hair cells in the saccule and lateral line (Jones and Corwin, 
1996; Taylor and Forge, 2005), and lizards in the crista ampullaris (Avallone et al., 
2003). 
The inner ears of adult mammals show a different regenerative pattern, with weak 
hair cell regeneration taking place in the vestibular system and no spontaneous hair cell 
regeneration in whole cochleae (Warchol et al., 1993; Roberson and Rubel, 1994; 
Berggren et al., 2003), although purified supporting cells from mouse cochleae can divide 
and transdifferentiate into hair cells in culture (White et al., 2006). Since mammals 
cannot regenerate auditory hair cells spontaneously, humans who have lost auditory hair 
cells cannot regain normal hearing. Investigations into the genetic regulation that occurs 
in the inner ears of noise-exposed zebrafish during hair cell regeneration may reveal 
candidate genes and regulation patterns that will be useful in devising gene-based 
therapies for deaf persons. 
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The purpose of this study was to establish the time course and extent of hair cell 
regeneration in the zebrafish saccule in response to noise-induced damage, and to 
determine whether hair cell regeneration was preceded by cell proliferation, which is 
known to occur in the noise-exposed avian basilar papilla (Ryals and Rubel, 1988; 
Hashino and Salvi, 1993). This information will be used to determine key time points in 
which to explore gene expression in the inner ear following noise exposure. 
II. Materials and Methods 
A. Experimental animals 
Adult breeder zebrafish with a mean weight of 0.529g (SE 0.023) and standard 
length of 31.58mm (SE 0.458) were obtained from Segrest Farms (Gibsonton, FL) and 
maintained in 170-L flow-through aquaria under conditions of constant temperature (25 
°C) and a 12-h light/12-h dark schedule. All work was done under the supervision of the 
Institutional Animal Care and Use Committee of Western Kentucky University. 
B. Experimental design 
Two sets of experiments were performed. The first experiment examined noise-
induced hair cell loss via fluorescein phalloidin and DAPI labeling of whole-mounted 
saccules. The second quantified cell proliferation using BrdU-labeling of proliferating 
cells in whole- mounted saccules. 
C. Noise exposure 
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Fish were haphazardly assigned to treatment and control group without bias for 
weight or length. Treatment fish were exposed to a 100 Hz tone at 179 dB re 1 (iPa RMS. 
The sound was generated by a B&K Precision function generator (4017A) connected to a 
5.3 amp/200 watt Audiosource monoblock amplifier and University Sound UW-30 
underwater speaker placed in a 19-L noise exposure chamber. Fish were exposed for 36 
hours at 24.5-25 °C, after which the first group was removed for immediate use, and the 
rest were moved to a recovery tank for a predetermined length of time. Separate noise 
exposures were used for two portions of the BrdU-labeling experiment (days 0, 2 & 4, 
and days 1, 3 & 10) because the process used to label BrdU incorporation was too time-
consuming to allow consecutive daily dissections. One noise exposure was used for the 
phalloidin-labelling experiment. 
D. Phalloidin labeling 
Intact saccular hair cells were quantified through visualization of stereocilia 
stained by phalloidin (which binds with actin, a primary component of stereociliary 
bundles) at 0, 2, 7, and 14 survival days post-noise exposure, plus non-noise exposed 
controls (n = 5 per group). Fish were sacrificed using an overdose of tricaine 
methanesulfonate (MS-222, Argent, Redmond, WA), a fish anesthetic, and weight, total 
length, and standard length were recorded for each animal. The heads were then removed 
and fixed with 4% paraformaldehyde overnight. After rinsing 4 X 1 0 minute in 0.1 M 
phosphate buffer solution (PBS), the inner ears were dissected out of the head, the 
saccules isolated from the ears, and excess tissue was trimmed away to allow the saccules 
to lie flat. Saccules were then placed in concavity wells and incubated in 1:100 
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fluorescein phalloidin (Invitrogen) in PBS at room temperature in a dark box for 30 
minutes. Following incubation, saccules were mounted on glass slides using Prolong 
Gold Antifade reagent with DAPI (Invitrogen) which allowed visualization of nuclei. 
Slides were viewed under the Zeiss Axioplan 2 epifluorescent microscope with FITC and 
DAPI filters. Images were captured using the AxioCam MRm camera under 5, 10, and 
20X objectives. Images were analyzed with Zeiss Axiovision 4.4 software. Saccular 
length was determined for each sample, and 2500 p.m2 squares were placed along the 
center length of the saccule at 5, 25, 50, and 75% of the length from the rostral tip of the 
saccule (Fig. 2.1). Phalloidin-labeled hair cell bundles fluoresced green under the FITC 
filter, allowing their number to be counted in each square. Due to extensive DAPI 
staining (blue) of nuclei through multiple layers of cells, qualitative evaluation of regions 
missing DAPI staining was used to determine the loss of nuclei. 
E. BrdU labeling 
Fish were exposed to the acoustic stimulus and allowed to recover for 0, 1, 2, 3, 7 
and 10 days after the end of noise exposure. Controls were placed in the treatment setup 
but no noise was administered (n=6 for each exposure group and controls). Cell 
proliferation in saccules of these fish was then quantified through visualization of cells 
labeled for bromodeoxyuridine (BrdU). BrdU is a synthetic thymidine analog that is 
incorporated into cellular DNA during S-phase. BrdU (Sigma-Aldrich, St. Louis, MO) 
was dissolved into normal Ringer's solution (Westerfield, 1994) at a concentration of 5 
mg BrdU/ml. Fish were injected intraperitoneally with 0.02 ml BrdU/Ringer's solution 
and then placed in a separate tank. After four hours, the fish were sacrificed with an 
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overdose of MS-222. The heads were removed and placed in 4% paraformaldehyde 
overnight at 4°C. The heads were then rinsed 4 X 1 0 min in 0.1M PBS and the inner ears 
dissected out under a stereomicroscope. The saccules were isolated from the ears and 
excess tissue was trimmed away to allow the saccules to lie flat. The saccules were 
bathed in IN HCL for one hour at 37°C to denature DNA, 0.1M borate buffer (pH 8.5) 
for 10 min to neutralize tissue pH, and washed 3 X 1 0 min in PBS. Saccules were 
incubated overnight at 4°C in mouse monoclonal anti-BrdU antibody (Invitrogen, 
Carlsbad, CA) diluted to 1:100 in 1% BSA/0.5% Triton X-100/PBS. Saccules were 
washed 3 X 1 0 min and incubated for 30 min at room temperature in 1:500 Alexa Fluor 
568-conjugated rabbit anti-mouse antibody (Invitrogen) in PBS. Saccules were again 
washed 3 X 1 0 min in PBS and mounted with Prolong Gold Antifade reagent with DAPI 
(Invitrogen). The slides were cover-slipped and viewed under the Zeiss Axioplan 2 
epifluorescent microscope with rhodamine and DAPI filters. Images were captured with 
an AxioCam MRm camera and analyzed with Zeiss Axiovision 4.4 software. Alexa Fluor 
568-labeled cells were counted in both the rostral and caudal halves of the saccule to 
quantify cell proliferation. 
F. Data analysis 
Auditory hair cell loss and recovery (phalloidin labeling) were tested using a 
separate analysis of variance (ANOVA) for each counting box location (5, 25, 50, and 
75% of saccule from rostral tip) for phalloidin-labeled cells. Recovery day post-noise 
exposure was the independent factor. Tukey's post-hoc test was used to make pairwise 
comparisons when significant main effects were found. The effects of weight and length 
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on hair cell density were evaluated using a three-way ANOVA to determine main and 
interaction effects for treatment, weight, and standard length on hair cell counts. 
The effect of recovery day post-noise exposure on cell proliferation (BrdU 
labeling) in the fish saccule was tested using ANOVA, with days post-noise exposure and 
location on the saccule (caudal vs. rostral) as factors. Tukey's post-hoc test was used to 
make pairwise comparisons between days when significant main effects were found. 
III. Results 
A. Hair cell density varies along the length of the saccule 
Hair cell density among control fish varied significantly by percent distance from 
the rostral tip of the saccule (p<0.001; Fig. 2.2). Hair cell density changed in a graduated 
manner across the length of the saccule, with the greatest density occurring near the 
rostral tip, decreasing toward the center, and increasing again in the caudal region. 
B. Auditory hair cell loss and recovety 
Following noise exposure, hair cell bundle density significantly decreased in the 
caudal region (at 75% of the total distance from the rostral tip; p<0.001). Mean sample 
counts taken from boxes placed in the caudal region immediately following noise 
exposure were approximately 43% lower than controls. Hair cell bundle counts in the 
caudal region were significantly lower than control at recovery days 0 and 2 (P<0.001 
and 0.003 respectively; Fig. 2.3). No significant differences were found for other regions 
or time points. No significant main or interaction effects were found for weight or 
standard length on hair cell counts among treatments. 
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Visual examination of saccules revealed that patches of caudal epithelium 
exhibiting hair cell bundle loss also lacked nuclear staining immediately following noise 
exposure (Fig. 2.4.) and two days following recovery. 
Hair cell bundle density in the caudal region (the only region that lost a significant 
number of hair cells) was not significantly different from control at seven days post-noise 
exposure (p = 0.177), suggesting that hair cell recovery was occurring. Hair cell bundle 
density continued to increase through day fourteen, when density was found to be nearly 
identical to that of non-exposed controls (p = 0.975). 
C. Cell proliferation 
Control saccules treated for BrdU detection were observed to contain labeled cells 
within the sensory epithelium. The mean number of labeled cells (indicating cell 
proliferation) was 6.6 ± 0.7 cells per saccule. 
Animals exposed to the noise stimulus were allowed to recover for specified 
numbers of days before they were injected with BrdU (an S-phase marker) and sacrificed. 
Saccular epithelial cells positive for BrdU indicated that cell proliferation was occurring. 
BrdU labeling (proliferation) peaked at two days post-noise exposure and declined 
thereafter in both caudal and rostral halves of the saccule; however labeling was much 
greater in the caudal half than the rostral (p< 0.001; Fig. 2.5). The number of BrdU-
labeled cells was only significantly different from controls two days post-noise exposure 
in both the caudal and rostral areas of the saccule (p<0.001; Fig. 2.6). 
IV. Discussion 
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Our data show that zebrafish are capable of restoring auditory hair cell bundle 
density to control levels within fourteen days following noise exposure. We demonstrate 
that cell proliferation is associated with hair cell recovery and occurs primarily during an 
early stage of this process, suggesting that at least some hair cell recovery may be due to 
the mitotic production of new hair cells. 
Smith et al. (2004) found that goldfish Carrasius auratus (an otophysan fish 
closely related to zebrafish) that were exposed to a loud white noise stimulus for 21-d 
exhibited significant hearing loss, but that hearing recovered to control levels by 14 d 
post-noise exposure. It is interesting to note that 14 d is also the time needed for recovery 
of hair cell density in the current zebrafish study. While Smith et al. (2004) did not 
examine goldfish hair cells, a subsequent experiment showed hair cell recovery in the 
goldfish saccule following noise-induced damage (Smith et al., 2006). The present study 
documents the same phenomenon in the zebrafish model and extends the finding to 
include full hair cell recovery, which was not demonstrated in goldfish as the time frame 
investigated was shorter than the current study (8 vs. 14 days). It remains to be 
determined whether full hair cell recovery is required for significant hearing recovery in 
the zebrafish. 
We observed that exposure to the 100 Hz tone produced significant hair cell 
bundle loss only in the caudal region of the zebrafish saccule, immediately and two days 
post-noise exposure. The caudal region also exhibited areas of missing DAPI-labeled 
nuclei at these time points, consistent with Smith et al. (2006), in which hair cell bundle 
counts were not significantly different from hair cell nuclear counts in either control or 
noise-exposed goldfish saccules, indicating disappearance of the entire hair cell. 
In a prior experiment conducted with goldfish, exposure to a 100 Hz tone 
produced significant hair cell damage in the caudal region of the saccule as well, but as 
the exposure frequency was increased, damage shifted rostrally along the saccule. This 
suggests that peripheral processing through tonotopic mapping of sound frequencies in 
the saccule accounts for at least part of the frequency discrimination ability of goldfish 
(M.E. Smith, J.B. Schuck, B.D. Rogers, and R.R. Gilley; unpublished data). Tonotopic 
mapping has also been demonstrated in a preliminary study in codfish, in which damage 
was found primarily in the caudal region after exposure to low frequency tones (Enger, 
1981). Goldfish exposed to white noise (a random noise signal that has similar sound 
energy levels across frequencies) also exhibit greatest hair cell bundle loss in the caudal 
region (Smith et al., 2006). However, the power spectrum for the sound stimulus in Smith 
et al. shows a spike at or near 100 Hz of approximately 15-20 dB louder than the rest of 
the exposure frequencies. The higher relative intensity of the lowest exposure frequencies 
may have been enough to damage hair cells, while the weaker intensity of the higher 
frequency components of the exposure noise were insufficient to cause much damage, 
leading to the pattern of caudal hair cell damage observed. Further work in zebrafish and 
other species will be needed to determine whether peripheral processing of sound 
frequencies is a conserved of feature of otophysan fishes, but since both the morphology 
of the ear and the hearing ability of goldfish and zebrafish are very similar (Piatt 1993; 
Higgs et al. 2002), it is not surprising to find that their pattern of noise-induced hair cell 
loss is also similar. 
Sensory hair cell regeneration in fishes is not confined to the saccule. Fishes are 
also capable of regenerating sensory hair cells and ciliary bundles in other organs after 
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chemical insults. Ciliary bundles reappear in the utricle and lagena of oscars (.Astronatus 
ocellatus) following gentamicin-induced damage (Lombarte et al., 1993), and hair cells 
regenerate in the zebrafish lateral line after damage induced by copper sulfate (Hernandez 
et al., 2007). A new hair cell in the lateral line may arise from non-dividing precursors, 
or from mitotic precursors that have undergone at least one cycle of cell division, 
depending on the severity of the damaging event (milder vs. harsher copper sulfide 
treatment, respectively; Hernandez et al., 2007). It is interesting to note that hair cells 
arising from non-mitotic precursors appear earlier (within 24 h) than those arising from 
mitotic precursors (within 77 h). 
The high level of cell proliferation seen prior to the majority of hair cell bundle 
recovery in our study suggests that mitosis played a vital role in damage-related hair cell 
regeneration. Hair cell regeneration may also occur through mitosis in the absence of 
damage. Higgs et al. (2002) found that non-noise-exposed zebrafish allowed to survive 5 
days after injection with BrdU exhibit what appear to be hair cells labeled for BrdU. 
BrdU-labeled hair cells have also been identified in thin sections of control goldfish 
saccules (Lanford et al., 1996). 
Noise-exposed zebrafish in our study exhibited a spike of BrdU labeling at two 
days post-noise exposure. Smith et al. (2006) reported significant apoptosis in noise-
exposed goldfish saccules from 0 to 2 days post-noise exposure. Taken together, this 
suggests that cell proliferation in the fish saccule may be initiated through signaling 
associated with cell death. The source of the signal is unknown, but loss of cell-cell 
contact through apoptosis may affect the proliferative ability of the remaining cells 
through altered levels of cadherin expression. Hair cell loss and limited regeneration in 
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the mammalian utricle is associated with transient down-regulation of E-cadherin (Kim et 
al., 2005). Growth factors known to repress E-cadherin gene transcription (Ciruna and 
Rossant, 2001; Conacci-Sorrell et al., 2003) have been shown to increase cell 
proliferation in mammalian vestibular epithelia (Yamashita and Oesterle, 1995; Zheng et 
al., 1999). Administration of neutralizing (blocking) N-cadherin antibody to cultures of 
chick utricular sensory epithelia reduces total cell proliferation (Warchol, 2002). 
Cadherin molecules play vital roles in the development and function of the zebrafish 
inner ear (Novince et al., 2003; Seiler et al., 2005; Babb-Clendenon et a l , 2006), but to 
our knowledge the role of cadherins in zebrafish inner ear regeneration has not been 
determined. 
Non-mitotic precursors may give rise to hair cells via transdifferentiation in the 
zebrafish inner ear as well. We observed that although the majority of cell proliferation 
occurred at two days post-noise exposure, the number of phalloidin-labeled hair cells had 
already begun to increase by this time point. Some of the early recovery may have been 
due to repair of stereociliary bundles by hair cells that did not undergo apoptosis; 
however, it seems that transdifferentiation of non-dividing precursor cells may account 
for part of the hair cell recovery seen at day two, as chicks administered mitotic blockers 
show early hair cell recovery through direct transdifferentiation after exposure to 
aminoglycoside antibiotics (Roberson et al., 2004). Further work is needed to determine 
the extent to which mitotic and nonmitotic means of hair cell regeneration take place in 
the zebrafish inner ear. 
The rate of cell proliferation and hair cell recovery in zebrafish appears to be 
somewhat different from avian models. Cell proliferation peaks earlier in birds than in 
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zebrafish, while full regeneration occurs later. Noise-induced damage to the basilar 
papilla of chicks results in BrdU-labeling within 24-32 h after the onset of noise 
exposure, and peaks at 40-48 h after noise onset (Hashino and Salvi, 1993). New hair 
cells appear 96 h after the onset of noise exposure (Stone and Cotanche, 1992). Full hair 
cell recovery in the chick is nearly complete at 30 d post-noise exposure (Girod et al., 
1989). 
Auditory hair cells in the chick basilar papilla are quiescent in the absence of a 
damaging stimulus (Corwin and Cotanche, 1988); however, saccular hair cell production 
may occur through the lifespan of the zebrafish (Higgs et al., 2002). In our study, a low 
level of BrdU labeling was seen in the saccules of untreated control zebrafish (6.6 ± 0.7 
cells per saccule), consistent with the work of Higgs et al. (2002), in which adult 
zebrafish demonstrated cell proliferation rates of 9.8 ± 1.5 and 3.5 ± 0.8 per saccule, 
depending on whether the fish were kept in uncrowded or crowded conditions, 
respectively. Goldfish examined by Lanford et al. (1996) showed larger numbers of 
saccular proliferating cells than did the zebrafish in Higgs et al (2002) or our study. This 
makes sense however, as the zebrafish saccule is very small compared to that of goldfish 
and contains a smaller total number of hair cells (Piatt, 1993). A larger saccule might be 
expected to require a larger number of proliferating cells to maintain structural integrity. 
Another factor that may account for the difference is that hair cell number in zebrafish is 
associated with total length (Higgs et al., 2002), and zebrafish maximal size is limited to 
approximately 45 mm (Piatt, 1993). Higgs et al. (2002) found that the saccules of 
zebrafish do not increase total hair cell numbers after 10 months of age. Low levels of 
cell proliferation in adult zebrafish may be used to maintain hair cell numbers rather than 
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increase them, whereas in species that show indeterminate growth, hair cell numbers may 
continue to increase with size of the fish (Corwin, 1981; Corwin, 1983; Popper and 
Hoxter, 1984). For instance, the European hake (Merluccius merluccius) increases hair 
cell number in all three otolithic end organs through 9 years of age (Lombarte and 
Popper, 1994). Goldfish can live and grow for many years, suggesting that hair cell 
addition may occur for a greater portion of the lifetime of the goldfish. Because of its size 
limitations, the zebrafish may not be typical of fish species in regard to hair cell addition. 
The zebrafish shows an enviable ability to regenerate lost cells in multiple tissues. 
(Poss et al., 2002; Poleo et al., 2001; Cameron, 2000). Zebrafish have served as a useful 
model for investigating the development and function of the vertebrate inner ear 
(reviewed in Whitfield, 2002), and like the chick, may serve as a model for regeneration 
of the inner ear as well. The time course of noise-induced hair cell damage and 
regeneration in the zebrafish inner ear will serve as a starting point for future studies 
examining gene expression during the process of hair cell regeneration in zebrafish. 
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V. Figures 
Location (% total length) 
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Figure 2.1. Hair cell count locations on the zebrafish saccule. Hair cell counts were 
sampled at four predetermined locations: 5, 25, 50, and 75% of the total saccular length, 
as measured from the rostral tip. A 2500pm2 box was placed around each sampling area 
photographed under the microscope, and labeled hair cell bundles were counted within 
each box to determine hair cell density. Orientation of saccule inside the fish is indicated 
by D (dorsal) and R (rostral). Scale bar = 100p.m. 
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Figure 2.2. Natural variation in auditory hair cell density across control zebrafish saccules 
as a function of distance from the rostral tip of the saccule (n = 5). 
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Figure 2.3. Number of phalloidin-labeled hair bundles as a function of time post-noise 
exposure at 5, 25, 50, and 75% of the total saccular length as measured from the rostral 
tip. Significantly lower hair cell densities occurred immediately after noise exposure and 
after two days of recovery in the counting area located at 75% of total saccule length (* p 
<0.003). No other significant differences were found. 
Control 
23 
Day 0 
Figure 2.4. Hair cell bundles (green) and nuclei (blue) in the caudal saccules of control 
and noise- exposed fish. Immediately following noise exposure (Day 0), hair cell bundle 
density in the caudal region is markedly lower than that of the control. DAPI staining of 
nuclei is reduced or absent in the same region, indicating that cells are missing. Scale bar 
= 20 (J.m. 
Figure 2.5. BrdU-labeled proliferating cells in the saccules of controls and days 2 and 10 
post-noise exposure. Arrows indicate rostral-caudal axis. Orientation of saccule inside the 
fish is indicated by R (rostral) and C (caudal). Scale bar = 100pm. 
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Figure 2.6. Number of BrdU-labeled zebrafish saccular cells as a function of time 
following noise exposure (* p <0.001). 
Chapter 3: Gene expression in the zebrafish inner ear following noise exposure 
I. Introduction 
Mammals share homologous genes with fish which are known to affect inner ear 
structure and/or function. For instance, the zebrafish Mariner mutant possesses a 
missense mutation in the gene encoding Myosin VILA, and presents functional and 
morphological hair cell defects that are similar to those found in mice defective in 
Myosin VIIA (Ernest et al., 2000). Foxil, a gene expressed in otic precursor cells, is 
necessary for normal inner ear development in both mice (Hulander et al., 1998; 2003) 
and zebrafish (Solomon et al., 2003). Atohla (atonal homolog la), a gene also known as 
Mathl, is a key regulator of differentiation of precursor cells that become hair cells in 
mice (Bermingham et al., 1999; Zheng et al., 2000) and zebrafish (Millimaki et al., 
2007). Since zebrafish share inner ear developmental and differentiation genes with 
mammals, examination of gene expression in the zebrafish during naturally occurring 
hair cell regeneration may uncover new targets for genetic manipulation in mammals. 
Through a variety of molecular methods, researchers have recently induced 
auditory hair cells to proliferate in postnatal mammals using gene therapies that disrupt 
the normal pathways that keep mammalian cochlear hair cells and their surrounding 
supporting cells in a terminally differentiated state. The cyclin- dependent kinase 
inhibitor p27Kipl, tumor suppressor retinoblastoma l(pRb), and transcription factor Mathl 
have been investigated as potential therapeutic targets (Lowenheim et al., 1999; 
Kawamoto et al., 2003; Izumikawa et al., 2005; Sage et al., 2005; Kanzaki et al., 2006; 
Sage et al., 2006; White et al., 2006; Yamamoto, 2006). 
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P27KipI plays a vital role in regulating cell proliferation. It is capable of binding 
and inhibiting the activity of cyclin/Cdk complexes, including Cdk2 and Cdk4 
(Toyoshima and Hunter, 1994). Low expression of p27K,pl (also known as CDKNlb) is 
associated with greater cell proliferation in cancers such as scirrhous carcinoma of the 
breast (Nozoe et al., 2007), thymic epithelial tumors (Zisis et al., 2004), and non-small-
cell lung cancer cell lines (Ling et al., 2007). P27Kipl expression also affects the 
development of normal tissues and cells. P27Kipl- null mice exhibit increased nuclear 
division and compromised function in retinal pigment epithelial cells (Defoe et al., 2007) 
and knockdown of p27Kipl inhibits neuronal migration in the intermediate zone and 
cortical plate of the developing mouse neocortex (Itoh et al., 2007). 
P27Kipl may play a role in preventing supporting cell proliferation in the inner ear. 
Disruption of the cyclin-dependent kinase inhibitor p27Kipl promotes supporting cell 
proliferation in the mouse organ of Corti (Lowenheim et al., 1999). Although mouse 
supporting cells are post-mitotic in vivo, purified postnatal supporting cells down-
regulate p27Kipl protein and are able to divide and transdifferentiate into hair cells in vitro 
(White et al., 2006). Encouraging cell proliferation in vivo through disruption of p27Kipl 
may be useful as an early step in the production of new hair cells, but regulating the 
timing of the disruption would be essential, as p27Kipl deficient mice exhibit supernumary 
hair cells and supporting cell pathologies which lead to severe deafness (Kanzaki et al., 
2006). 
Another candidate regulator of cell cycle exit in hair cells is the retinoblastoma 
protein (pRb). pRb is a member of the pocket protein family which causes cell cycle 
arrest when overexpressed (Classon and Dyson, 2001). In other words, high levels of 
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pRb inhibit cell cycling and proliferation. Hair cells in mice with a targeted deletion of 
Rbl (the gene coding for pRb) undergo mitosis, divide, and cycle, yet continue to become 
highly differentiated and functional (Sage et al., 2005). Unfortunately, pRb -/- auditory 
hair cells die prematurely (Sage et al., 2006). Interestingly, pRb -/- vestibular hair cells 
survive and retain function, indicating that pRb plays distinct roles in the two hair cell 
types. 
Mathl is a basic helix-loop-helix transcription factor, which is required for the 
differentiation of hair cells and survival of the sensory lineage (Chen et al, 2002; Woods 
et al., 2004). Pharmacological disruption of Notch activity (an upstream regulator of 
Mathl) causes extra hair cells to be produced in explanted neonatal mouse cochleae 
(Yamamoto, 2006). Delivery of Mathl to nonsensory cells of the inner ear via 
adenovectors induces regeneration of hair cells and improves hearing thresholds of 
deafened guinea pigs (Izumikawa et al., 2005), but the results have been somewhat 
unsatisfactory; hair cell growth thus far has been disordered or has occurred outside the 
desired location (Kawamoto et al., 2003). 
To date, gene manipulation studies have proven unsuccessful in producing 
auditory hair cells of the proper quantity (Lowenheim 1999; Kanzaki et al., 2007), 
function (Sage et al., 2006), or location (Yamamoto et al., 2006) in vivo. Adjusting the 
timing and/or sequence of manipulation of the above-mentioned targets may produce 
more satisfactory results, but other targets that have not yet been identified may prove 
useful as well. An examination of gene expression during naturally-occurring auditory 
hair ccll regeneration in the zebrafish may help identify new targets for manipulation.-
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II. Materials and methods 
A. Experimental animals 
Adult breeder zebrafish were obtained from Segrest Farms (Gibsonton, FL) and 
maintained in 170-L flow-through aquaria under conditions of constant temperature (25 
°C) and a 12-h light/12-h dark schedule. Fish total lengths ranged from 36 to 44 mm. 
All work was done under the supervision of the Institutional Animal Care and Use 
Committee of Western Kentucky University. 
B. Noise exposure 
Forty zebrafish were exposed to a 100 Hz tone at 179 dB re 1 jiPa RMS. The 
sound was generated by a B&K Precision function generator (4017A) connected to a 5.3 
amp/200 watt Audiosource monoblock amplifier and University Sound UW-30 
underwater speaker placed in a 19-L noise exposure chamber. Fish were exposed for 36 
hours at 24.5-25 °C, and then moved to a recovery tank for two or four days. 
C. RNA Isolation and preparation 
RNA samples were obtained from the inner ears of three groups of 18 to 20 fish 
each. One group served as non-noise exposed controls, and the remaining two groups 
were exposed to the acoustic stimulus and allowed to recover for 2 or 4 days. The day 2 
time point was selected in order to investigate gene expression during proliferation, 
which had been shown to peak at 2 days following noise exposure in the previous 
experiment. Day 4 was selected for comparison of gene expression in noise-exposed, 
low-proliferating inner ears with noise-exposed high proliferating inner ears from day 2. 
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Additionally, it was hoped that genes strongly associated with hair cells would be 
significantly regulated at this time point as cells differentiated into replacement hair cells. 
Fish were sacrificed one at a time with an overdose of MS-222, their heads were 
removed, and both whole ears (saccule, lagena, utricle and semi-circular canals) were 
immediately dissected out in RNAlater (Ambion, Austin, TX), as preliminary work 
indicated that either the small size of the saccule, or the length of time needed to separate 
it from the inner ear, resulted in low RNA yield. Ears were then placed in sterile 
Eppendorf tubes and flash frozen in liquid nitrogen. Three to four hours were required to 
dissect all the fish in one group. Once all the ears for a sample were collected, the tissue 
was pooled and homogenized with the Kontes Pellet Pestle Microgrinder and sterile 
disposable pestles (Kontes, Vineland, NJ), then processed for RNA isolation using the 
RNeasy Lipid Tissue Mini Kit (Qiagen, Valencia, CA). RNA quality was checked with 
the aid of an Agilent 2100 Bioanalyzer (Agilent, Wilmington De 19808). For this project, 
sharp ribosomal RNA bands were evident with an RNA integrity number greater than 
7.0. 300ng total RNA was used to generate fluorescent cRNA with the aid of Low RNA 
Input Linear Amplification kit with one-color (Agilent, Wilmington De 19808). Briefly, 
this kit uses T7 promoter primer to synthesize cDNA and T7 RNA polymerase to 
synthesize cRNA, which simultaneously amplifies the target material and incorporates 
cyanine 3-labeled CTP. The labeled cRNA was purified by using the RNeasy Mini Elute 
kit (Qiagen, Valencia, CA91355). The yield and incorporation efficiency were measured 
on a spectrophotometer (NanoDrop technologies). The yield for this project was greater 
than 1.5ug, and the specific activity was greater.than 9.0 pmol Cy3 per ug cRNA. 
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D. Microarray 
1.65ug of each labeled cRNA sample was fragmented at 60 °C for 30 min 
(Agilent Gene Expression Hybridication kit) and then hybridized to Agilent Zebrafish 
(Danio rerio) oligonucleotide arrays (Unrestricted AMADID Release GE 4x44K, 60-
mer oligonucleotides; G2519F) at 65 °C for 17 hours. Three technical replicates were 
hybridized for each of the three time points (control, Day 2, and Day 4), with one 
replicate of each time point on each of the three 4-array plates processed. After 
hybridization, the microarray slides were washed with Agilent gene expression wash 
buffers. The slides were scanned with the aid of an Agilent microarray scanner 
(G2565BA) with a setting for one-color using the green channel and 5um resolution. 
The one-color microarray images (.tif) were extracted with the aid of Feature Extraction 
software (v 9.5.1, Agilent). 
E. Data Analysis 
The raw data files generated by the microarray procedure were imported into 
GeneSpring (GX 7.3) and the data were normalized and analyzed. GeneSpring generates 
an average value of the three replicates of each gene. Data was transformed to bring any 
negative value to 0.01. Normalization was performed using a per-chip 50th percentile 
method that normalizes each chip on its median, allowing comparison among chips. Then 
a per-gene on median normalization was performed, which normalized the expression of 
every gene on its median among samples. The differentially expressed genes of 
significance were evaluated with the aid of Volcano Plots (P-value versus fold change). 
Pairwise comparison of the experimental and control groups used the data derived from 
the Volcano Plots. Pairwise comparisons were also performed between the two treatment 
groups. Differentially expressed genes with P-values <0.05 and fold changes > ± 2 were 
determined as significantly regulated. The Benjammi and Hochberg False Discovery rate 
was used for test correction. 
Partial annotation of the significantly regulated transcripts was performed using 
bioinformatics tools and procedures to identify putative gene name and function. The 
GenBank accession number or expressed sequence tag number (EST) associated with 
each Agilent probe set was used to search for annotated or putative gene descriptors from 
the NCBI CoreNucleotide, Ensembl, and Danio rerio Gene Index (ZGI) databases. If the 
gene had not been annotated previously, then TBLASTN analysis of the translated amino 
acid sequence was performed (www.ncbi.nlm.nih.gov/blast). The human or mouse gene 
with the highest amino acid sequence similarity was used for the annotation of the 
zebrafish gene. If no amino acid sequence was available for a probe set (generally found 
in sets corresponding to ESTs), BLASTN analysis of the corresponding nucleotide 
sequence was performed against the zebrafish genome. If a zebrafish gene match was 
found, the resulting amino acid sequence was subjected to TBLASTN analysis; the 
human or murine gene with the highest score was used in annotation of gene name. The 
expectation value E, which describes the likelihood that a sequence with a similar score 
will occur in the database by chance, is shown in Tables 1-3. Significance was assigned 
—3 
to E values of <10 (meaning that 1 out of a 1000 matches occur by chance). Lower E 
values indicate greater significance. Since many of the zebrafish transcripts had not been 
annotated for function, the functions of homologous human gene products were 
investigated through Gene Ontology AmiGO (http://ainigo.geneontologv.org/cgi-
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bin/amigo/go.cgi). The cellular processes that appeared in the human annotations were 
used to assign zebrafish genes to functional categories; however, these assignments 
should be considered preliminary, as the gene product functions in zebrafish may be 
somewhat different than in humans. A number of transcripts did not show significant 
homology with mouse or human proteins and were therefore not included in the 
subsequent analysis. 
III. Results 
A. Identification of regulated transcripts 
A large number of significantly regulated transcripts were detected through 
microarray analysis of samples taken at two and four days post- noise exposure (> 2- fold 
change and P-value<0.05). Three gene sets were created: day 2 (genes regulated at day 2 
compared to controls), day 4 (genes regulated at day 4 compared to controls), and Day 
4:Day 2 (genes regulated at day four relative to day two). In the day 2 gene set, 105 
transcripts were up-regulated (Appendix, Table A4) and 72 transcripts were down-
regulated (Table A5) relative to control. In the day 4 gene set, 36 transcripts were up-
regulated (Table A6) and 61 were down-regulated (Table A7) relative to control. 
Significant regulation was also in the Day 4:Day 2 gene set, with 30 transcripts being up-
regulated (Table A8) and 68 down-regulated (Table A9). 
B. Identification of putative gene function 
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Transcripts with annotated descriptions and/or significant homology with a mouse 
or human protein were organized according to known or putative function in order to 
uncover potential changes in cellular processes over the course of the experiment 
(Appendix, Tables A1-A3). Assignment of genes to a particular category was based on 
annotations provided by Gene Ontology AmiGO (http://arnigo.geneontology.org/cgi-
bin/amigo/go.cgi). It should be noted that the functions of these genes are putative; 
further investigation of the function of these genes in the zebrafish inner ear may 
ultimately show them to be different than what is presented in these tables. 
Functional categories included angiogenesis, antioxidants, apoptosis, calcium ion 
binding or transport, catalysis, cell adhesion, cell proliferation, cytoskeletal organization, 
differentiation, epidermis development, extracellular matrix proteins, DNA repair and 
replication, gametogenesis, growth, immunity, lipid regulation, metabolism, metal ion 
regulation and interaction, muscle contraction, nuclear mitochondrial proteins, nucleic 
acid metabolism or synthesis, protein interactions, signal transduction, transcriptional 
control, transporter activity, and wound healing. 
C. Regulation patterns 
Different patterns of regulation were observed in samples taken at two and four 
days post-noise exposure. At two days following noise exposure, the greatest numbers of 
up-regulated genes were found in the transcriptional regulation, signal transduction, and 
immunity categories (Fig. 3.1). By day four, the number of up-regulated genes in the 
transcription and immunity categories had dropped, while the number of metal ion 
interaction genes had increased. The greatest numbers of genes down-regulated on day 
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two were putatively involved with calcium ion binding or transport, cytoskeletal 
organization, and muscle contraction (Fig 3.2). On day four, the number of down-
regulated genes increased even further in categories dealing with calcium interaction, 
cytoskeletal organization, cell proliferation, protein regulation, and signal transduction. 
Several gene categories, such as apoptosis, metal ion interaction, cell adhesion, wound 
healing, transporter activity, and DNA repair, only exhibited up- or down-regulation on 
day two or four. 
Examination of fold changes that occurred between the two time groups revealed 
that the greatest numbers of up-regulated genes on day four (relative to day two) were 
potentially associated with transcription regulation and protein regulation, and the 
greatest numbers of down-regulated genes with extracellular matrix, signal transduction, 
transcription regulation and protein regulation (Fig. 3.3). Some categories, such as wound 
healing, angiogenesis, lipid regulation, and epidermis development, were only up- or 
down- regulated between days two and four. 
There was some overlap in up- or down-regulation across days two and four post-
noise exposure. Nine genes were significantly up-regulated on both days, while the 
remaining genes were up-regulated only on one day (33 genes on day two, and 20 genes 
on day four; Fig. 3.4). A similar pattern was seen for down-regulated genes, with nine 
genes being down-regulated on both days, 22 genes on day two, and 26 genes on day 
four. 
Some interesting patterns were seen when overlapping the day two or day four 
gene sets with the Day 4:Day 2 gene set. The period covered by the Day 4:Day 2 set 
(regulation on day four relative to day two) is of particular interest, as our previous work 
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indicates that cell proliferation peaks on day two and returns to control levels on day 
three, following cessation of noise exposure. Sixteen genes that were up-regulated on day 
two were down-regulated in the Day 4:Day 2 set, and five genes that were down-
regulated on day two were up-regulated in the Day 4:Day 2 set (Table 1). 
IV. Discussion 
Microarray analysis of the cellular processes involved in zebrafish cell 
proliferation and auditory hair cell regeneration is problematic, given that so little has 
been done to characterize gene functions in this organism. Therefore, our current 
approach was to delineate the functions of mammalian genes homologous to the 
regulated zebrafish genes in order to provide direction for future investigations into 
auditory hair cell regeneration in zebrafish and mammals. 
Twenty genes with known or putative functions were found to show significant 
changes in regulation between recovery days two and four. The short time period within 
which these changes occurred coincided with a sharp increase in cell proliferation, 
suggesting that some of these genes play a role in the regulation of cell proliferation. 
Genes associated with tissue remodeling and apoptotsis were also notably regulated 
during this time period. Although our study did not investigate cell death, a previous 
study in goldfish demonstrated that maximal apoptotic cell death occurred immediately 
following noise exposure and decreased to control levels after 3 days of recovery 
(Smith et al., 2006), overlapping the same time frame as our cell proliferation study. 
Genes associated with hair cells were also significantly regulated during the 
time points covered by this study. 
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A. Genes associated with cell proliferation 
Genes that may be regulated in order to enable cell proliferation include stearoyl-
Coa desaturase {scd), diacylglycerol O-acyltransferase (dgat), torsin B, ubiquitin-like 
protein 2, and major histocompatablility complex class II (MHC II) genes. Two of these 
genes, scd and dgat, appear to regulate phospholipid membrane synthesis. Production of 
membrane phospholipids is necessary to allow cells to proliferate (Muzio et al., 1999) 
Since the Scd protein synthesizes the oleate necessary for the biosynthesis of membrane 
phospholipids (reviewed in Miyazaki and Ntambi, 2003), the Danio rerio scd gene may 
be up-regulated on day two in order to increase production of membrane phospholipids as 
required by cell proliferation. Dgat, another gene up-regulated on day two, also 
participates in the regulation of membrane lipid synthesis. Dgat proteins interact with 
diacylglycerols, which are common intermediates for both triacylglycerol and 
phospholipid synthesis. Dgat tips diacylglycerol toward triacylglycerol synthesis. In 
culture, overexpression of human DGAT protein reduces synthesis of the membrane 
phospholipids phosphatidylcholine, phosphatidylethanolamine, and sphingomyelin by 
30^-0% in human lung SV40-transformed fibroblasts (Bagnato and Igal, 2003). It is not 
clear why dgat was up-regulated on day two, since presumably this was the period when 
increased phospholipid synthesis was required to support cell division, but it warrants 
further investigation. 
The function of torsin B is not clear, but a closely related protein, torsin A, has 
been tentatively identified as an endoplasmic reticulum protein involved in protein 
chaperone functions and/or membrane movement (reviewed in Breakefield et al., 2001). 
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As new cells are produced, the need for protein components of the cells increases, which 
may explain the up-regulation of the torsin transcript seen in this study. Torsin B is 
widely distributed throughout the nervous system. Labeling for torsin B is especially 
strong in the peripheral processes, suggesting that torsin may play a role in synaptic 
functioning (Konakova et al., 2001). Nerve tissue was present in the inner ear samples 
used in this investigation. Regeneration of neural processes, rather than hair cells, may 
account for significant torsin B regulation. 
The closest mammalian homolog of Danio rerio ubiquitin-like protein 2 is 
ubiquitin-conjugating enzyme (UbC). The UbC gene is necessary for cell-cycle 
progression in fetal mouse liver during development (Ryu et al., 2007). Ubiquitins 
interact with ubiquitin-conjugating enzymes and are subsequently transferred to substrate 
proteins, where they and their substrates are recognized and degraded by proteosomes. 
This is one mechanism by which levels of specific proteins can be regulated within the 
cell. Targets of the ubiquitin-proteosome pathway (UPP) include cyclin-dependent kinase 
inhibitors p27Kipl and p21Waf. In rat lens explants, stimulation of the UPP by bFGF 
results in low levels of p27Kipl and p21Waf, and an increase of proliferation, while 
inhibition of the UPP is associated with elevated levels of p27KipI and p21Waf and a 
transition from proliferation to differentiation (Guo et al., 2004). In our study, thep27 k i p l 
gene was not significantly up-or down-regulated; however the levels of p27Kipl protein 
may have been altered by ubiquitinylation and subsequent proteolysis. Analysis of 
p27Kipl protein levels in the inner ear will be necessary to ascertain whether p27Kipl 
protein regulation plays a significant role in naturally occurring hair cell regeneration in 
the zebrafish. 
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Retinoblastoma 1 (Rbl), another gene of interest, was also not significantly 
regulated in this study, but since pRb function is regulated by phophorylation, significant 
changes in overall transcription levels may not be necessary to promote proliferation. 
Hypophosphorylated pRb is an active proliferation repressor; as phosphorylation of the 
protein increases through the activity of cylin dependent kinase/ cyclin complexes, pRb 
becomes a weaker repressor. It loses all repression function if sufficiently 
phosphorylated. Once the cell has passed through M phase, phosphorylation of pRb is 
reset through the action of a phosphatase, restoring the inhibitory activity of pRb 
(reviewed in Knudsen and Knudsen, 2006). To determine whether pRb is an active 
regulator of cell proliferation in the inner ear, the phosphorylation state of pRb following 
noise exposure will need to be delineated. 
Genes associated with immune function were identified in the microarray. These 
genes may have roles in cell proliferation or apoptosis. MHC class II molecules are found 
on professional antigen-presenting cells such as macrophages, dendritic cells and B cells. 
MHC class II molecules may regulate cell proliferation in the inner ear because in the 
kidney, cell proliferation is blocked through treatment with deoxyspergualin, a drug that 
inhibits de novo cell surface expression of MHC class II antigens (Nikolic-Paterson et al., 
1995). Exogenous Hsp70 protein enhances MHC-II presentation of antigens and 
macrophage-mediated phagocytosis (Wang et al, 2006), which occurs in order to clear 
away apoptotic cells (Suzuki et al., 1995).Two zebrafish MHC class II genes, alpha 2 and 
alpha 4, were significantly regulated between days two and four days post-noise 
exposure, along with the genes for heat shock protein (Hsp) 90 and Hsp70. It is possible 
that regulation of Hsp90 is related to MHC regulation, as Hsp90 proteins serve as 
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chaperones to MHC class 1 (Binder et al., 2001) and MHC class II (Rajagopal et al., 
2006) cytosolic proteins. 
The proto-oncogene JunB is implicated in proliferation inhibition. JunB 
overexpression is associated with increased expression of cyclin dependent kinase 
inhibitor p 16 and cell cycle arrest in human B-cells (Szremska et al., 2003), and enhances 
senescence (Yogev et al., 2006). Danio rerio JunB was upregulated on day two, 
suggesting that cell proliferation was being inhibited. This is difficult to reconcile with 
the spike of proliferation occurring on day 2— perhaps JunB up-regulation was just 
starting and had not yet reached a level at which inhibition was effective. 
B. Genes associated with tissue remodeling 
Genes similar to mammalian fibronectin, coagulation factor XII, relaxin, vascular 
endothelial growth factor, matrix metalloproteinases, and purine-nucleoside 
phosphorylase were significantly regulated in our dataset. The products of these genes 
may influence tissue remodeling and proliferation in the inner ear. Fibronectins interact 
with coagulation factors such as coagulation factor XII (Achyuthan et al., 1996) to 
promote hemostasis (Cho and Mosher, 2006), wound healing (Li-Korotky et al., 2007), 
and cell adhesion (Nath and Bhattacharyya, 2007). The up-regulation of fibronectin 3 and 
a gene similar to coagulation factor XIII on day two suggests that hemostasis, wound 
healing, and/or cell adhesion may have been taking place at this time. Another role for 
fibronectin may be to stimulate proliferation in the inner ear, as cells in avian utricular 
sensory epithelia cultured on fibronectin-rich media proliferate in a dose-dependent 
manner (Warchol, 2002). 
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One voltage-gated potassium channel gene was found in the dataset. Potassium 
voltage-gated channels are required to move KH across sensory and nonsensory cells to 
generate an endocochlear potential in the inner ear of mammals. K+ provides the major 
charge carrier for the sensory transduction, and allows mechanotransduction of hair cells 
to take place (reviewed in Wangemann, 2002). The murine homolog of Danio rerio 
potassium voltage-gated channel, subfamily H, member 2 (Kcnh2) is highly expressed in 
fetal mouse inner ear epithelium during development (de Castro et al., 2006). KcnH2 and 
KcnE2 proteins coassemble to form the potassium channel IKr. Mutations in either gene 
reduce the IKr current and cause Jervell, Lange-Nielsen Long QT Syndrome, which is 
characterized by deafness (when inheritance is recessive) and recurrent loss of 
consciousness during exercise or emotion (reviewed in Vincent, 2002). The new cells in 
the saccule may have required the manufacture of K1 voltage-gated channels in order to 
maintain the IKr current. 
Relaxin promotes vascular remodeling in the mammalian endometrium through 
stimulation of vascular endothelial growth factor {vegf) expression (Palejwala et al., 
2002). Vegf is also essential for intersegmental vascular development in the zebrafish 
(Nasevicius et al., 2001). In our study, vegf and relaxin 3 were significantly regulated 
between days two and four, indicating that vascular remodeling may occur following 
noise exposure. Relaxins are also known as regulators of matrix metalloproteinases 
(Palejwala et al., 2001), which play important roles in the degradation of extracellular 
matrix during the wound healing process (Shima et al., 2007). Alterations in strial 
expression of matrix metalloproteinases are observed in Alport syndrome, a progressive 
disease in which high-frequency sensorineural hearing loss is associated with matrix 
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accumulation in the strial capillary basement membranes of the cochlea. Matrix 
metalloproteinases are up-regulated in this disease, presumably to compensate for 
abnormal collagenase formation (Gratton et al., 2005). Danio rerio matrix 
metalloproteinase 13 was a significantly regulated gene in our data set, suggesting that 
degradation of the extracellular matrix may be part of the healing process that occurs 
after excessive noise exposure. 
Another gene putatively involved in repair encodes purine-nucleoside 
phosphorylase (Pnp). Pnp is a ubiquitous, highly conserved enzyme of purine metabolism 
that enables cells to utilize purine bases recovered from metabolized purine ribo- and 
deoxyribonucleosides, in order to synthesize purine nucleotides (Bzowska, et al., 2000). 
Pnp deficiency or mutation is associated with immunodeficiency and neurological 
disorders. Pnp knockout mice exhibit abnormal T cell function and apoptosis due to a 
buildup of mitochondrial dGTP, which interferes with DNA repair (Arpaia et al., 2000). 
Nucleosides and nucleotides also play a role in brain-repair mechanisms following 
trauma. Damaged or dying cells release these compounds in large amounts, signaling 
brain repair mechanisms and enhancing neurite growth in concert with growth factors 
(reviewed in Neary et al., 1996). Regulation of pnp may have occurred as part of a clean-
up effort following apoptosis. 
C. Genes associated with apoptosis 
Noise-induced damage is known to promote apoptotic cell death in the inner ear 
of fish (Smith et al., 2006) and mammals (Hu et al., 2000). Genes that may participate in 
this process include genes similar to complement component 1 q, growth hormone 1, and 
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Stall. Complement component 1 q (CIq) is a recognition molecule that can interact with 
a broad range of self and non-self ligands (reviewed in Ghai et al., 2007), and is known to 
participate in immune response by directly enhancing MHC class I uptake and 
presentation of antigens to CD8+ T lymphocytes (van Montfoort, 2007). In the context of 
this paper, Clq is of interest because opsonization of apoptotic cells with Clq facilitates 
their uptake by macrophages and immature dendritic cells (reviewed in Nauta et al., 
2004). Apoptosis is the prominent mode of hair cell death in the mammalian cochlea 
following noise trauma (Wang et al., 2007a). It would be interesting to determine whether 
this is also the case in zebrafish. 
The functions of zebrafish signal transducer and activator of transcription 1 (statl) 
and growth hormone 1 (gh 1) are difficult to sort out in this study. The Stat activation 
process is transient and influences a broad range of physiological processes depending on 
the activating ligands and tissue type, (reviewed in Adamkova et al., 2007). In 
cardiotoxin-induced regenerating muscles, Statl is required for myoblast proliferation 
and prevents premature differentiation of myoblasts (Sun et al., 2007). In the mouse eye, 
growth factors Igf-1 and Pdgf activate Stat I and induce proliferation in lens epithelial 
cells, although deletion of the Statl gene does not alter lens development (Li et al., 1999). 
Conversely, transcriptionally active Statl is required for IFN-a and IFN-y (interferon 
proteins) to exert growth inhibition of human U3A cells cultures (Bromberg et al., 1996), 
and Ghl activates Statl in hepatocytes in fetal and adult liver (Xu et al., 2005; 
Phomphutkul, et al, 2000), promoting apoptosis (Lee et al., 2007). 
In our study, statl and an interferon-induced protein transcript (similar to Ifitl) 
were both up-regulated on day two, suggesting that growth might be inhibited by Statl 
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protein activity as in Bromberg et al. (1996). Ghl was up-regulated two days following 
noise exposure, possibly enhancing apoptosis. However, Ghl-Statl interactions may 
induce proliferation as well, since administration of Gh to trout leukocytes in culture 
results in increase proliferation (Yada et al., 2004). Interestingly, although the zebrafish 
homolog of Ghl was up-regulated approximately 64-fold at two days post- noise 
exposure, Ghl in the rat cochlea is down-regulated following noise-exposure (Cho et al., 
2004). Based on current information, it is unclear what role the genes similar to Statl and 
Ghl play in the zebrafish inner ear, but regulation of cell growth, apoptosis, and 
proliferation are possibilities worth exploring. 
D. Genes associated with hair cells 
One purpose of this study was to detect regulation patterns of genes strongly 
associated with hair cells. Comparison of our microarray dataset with a zebrafish 
subtracted hair cell set by McDermott et al. (2007) revealed a few common zebrafish hair 
cell genes. We identified significant regulation in zebrafish genes encoding creatine 
kinase, alpha- tubulin, keratin 8, and v-fos FBJ murine osteosarcoma viral oncogene 
homolog. In the inner ear, creatine kinase (or its mitochondrial creatine kinase isoform) is 
required to maintain energy homeostasis through ATP delivery to plasma-membrane 
Ca2+-ATPase isoform 2 (Pcma2), an ion pump required for normal sensory transduction 
in stereocilia (Street et al., 1998). In the avian utricle, creatine kinase is primarily 
localized in hair cells, and creatine kinase / mitochondrial creatine kinase isoform double 
knockout mice exhibit elevated hearing thresholds of 20-30 db at 8 and 16 kHz (Shin et 
al., 2007). 
Alpha tubulin and beta tubulin dimers are components of polymerized 
microtubules. Strong labeling for alpha tubulin is seen in sensory and supporting cells of 
the guinea pig inner ear (Saha and Slepeky, 2000). Keratin 8 is one of the major 
intermediate filaments, which provide structural support throughout many tissue systems. 
In the intestinal epithelium, it mediates intestinal permeability (Wang et al., 2007b). 
Keratin 8 is thought to confer resistance to apoptosis induced by Fas ligand or TNF 
family receptors (reviewed in Oshima, 2002), both of which are implicated in cisplatin-
and ethacrynic acid-induced apoptosis of hair cells in chinchillas (Ding et al., 2007). 
V- fos genes are highly inducible in response to a variety of growth factors and 
differentiation-specific inducers, and can induce bone tumors in mice (Mitchell et al., 
1986). Members of the fos and jun protein families can combine to form a complex called 
activating protein-1 (AP-1). AP-1 induction by the hair cell-toxic antibiotic gentamicin is 
transient and occurs exclusively in hair cells in rat organ of Corti explants (Albinger-
Hegyi et al., 2006). Inhibitors of the upstream pathway for AP-1 rescue hair cells (Pirvola 
et al., 2000). Up-regulation of v-fos FBJ murine osteosarcoma viral oncogene homolog 
on day two may have been due to noise-induced damage. 
Some of the regulated genes in this study are similar to genes highly regulated in 
hair cells of other model organisms. Genes shared with avian utricular hair cell genes 
include parvalbumin, which serves as a mobile Ca2++ buffer in the avian inner ear, alpha-
tubulin, creatine kinase, HSP90, and a different isoform of Ca2++ transporting ATPase 
(Shin et al., 2007). Additionally, POU domain transcription factors, thyroid hormone 
receptor (Nagashima et al., 2005), HSP70 (Cristobal et al., 2005), and collagen IV alpha 
chain 4 (Friedman et al., 2007) have been noted in mammalian hair cells. Bcl-2, another 
46 
regulated gene in our dataset, is believed to play an essential role in prevention of sensory 
cell death in guinea pigs (Yamashita et al., 2007). 
Our study did not detect significant regulation of the hair cell differentiation gene 
Atohl/Mathl, which is expressed in mammalian cochlear hair cells (Scheffer et al., 2007) 
and serves as a key regulator of differentiation of precursor cells that become hair cells in 
mice (Bermingham et al., 1999; Zheng et al., 2000) and zebrafish (Millimaki et al., 
2007). The time points investigated in this study may have been too early in the recovery 
process for Atohl detection, as Atohl only promotes the final stages of hair cell 
development (Bermingham et al., 1999; Chen et al., 2002) and may have peaked later 
than day four. 
Although analysis of this microarray has not identified clear candidate genes to 
target for regeneration of hair cells in mammals, genes associated with apoptosis, cell 
proliferation, and wound healing were putatively identified. Some of these genes may 
serve as future targets for manipulating cell proliferation and improving hair cell 
protection during or following noise exposure. Genes previously identified in the hair 
cells of zebrafish, and homologs of avian and mammalian hair cell genes were also noted. 
More work will be needed to determine the functions of these and other genes identified 
in noise- exposed zebrafish. 
V. Figures and Tables 
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Extracellular matrix 
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Lipid regulation -
Metal ion interactions 
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Signal transduction -
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Number of transcripts 
Figure 3.1. Number of genes up-regulated on days two and four, sorted according to 
putative gene function. 
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Cell adhesion 
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Differentiation 
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DNA Repair -
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Transcriptional control -
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Number of transcripts 
Figure 3.2. Number of genes down-regulated on days two and four, sorted according to 
putative gene function. 
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- 6 - 4 - 2 0 
Number of transcripts 
Figure 3.3. Number of genes up- or down- regulated between days two and four, sorted 
by putative gene function. 
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Upregulated 
33 20 
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22 26 
Day 2 Day 4 
Figure 3.4. Overlap in gene up- or down- regulation across days two and four. 
Table 1. Genes significantly regulated on days 2 and 4 
GenBank accession Gene name (Gene symbol) [Alternate gene name] Putative Day 2: P- Day 4: P-
no. {Gene description (similar human or mouse gene 
symbol)} 
function Control 
ratio 
value Day 2 
ratio 
value 
NM_194425 Danio rerio major histocompatibility complex, class I, 
ZE (hla-ze), mRNA [NM_194425] 
immunity -67.68 0.0024 34.36 0.0143 
NM_131490 Danio rerio major histocompatibility complex class II 
integral membrane alpha chain gene (a4), mRNA 
[NM_131490] 
immunity -2.43 0.0005 4.15 0.0018 
NM_001005976 complement component 1, q subcomponent, C chain 
(c lqc ) 
immunity 2.93 0.0002 -2.04 0.0149 
N M J 3 1 6 9 4 Danio rerio MHC class II integral membrane protein 
alpha chain 2 (a2), mRNA [NM_131694] 
immunity 3.09 0.0011 -2.33 0.0249 
NM_199730 Danio rerio diacylglycerol O-acyltransferase homolog 1 
(mouse) (dgat l ) . 
lipid 
synthesis 
2.68 0.0005 -2.18 0.0085 
NM_198815 Danio rerio stearoyl-CoA desaturase (delta-9-
desaturase) (scd), mRNA [NM_198815] 
lipid 
synthesis 
5.35 0.0027 -3.29 0.0374 
AB055667 {similar to mitochondrial ribosomal protein S31 
(MRPS31), nuclear gene encoding mitochondrial 
protein} 
mitochondrial 
protein 
-2.13 0.0003 2.01 0.0030 
NM_001004628 {similar to purine-nucleoside phosphorylase (Pnp)} nucleic acid 
metabolism 
-4.66 0.0048 6.82 0.0099 
NM_200856 {similar to torsin family 1, member B (torsin B)} protein 
chaperone 
3.78 0.0427 -2.04 0.0287 
NM_201503 Danio rerio matrix metalloproteinase 13 (mmp13), 
mRNA [NM_201503] 
proteolysis 2.39 0.0032 -2.15 0.0161 
TC293041 Danio rerio Ubquitin-like protein 2 [TC293041] proteolysis 4.82 0.0003 -2.77 0.0037 
NM_200091 {similar to signal transducer and activator of 
transcription 1, 91kDa (STAT1)} 
signal 
transduction 
3.04 0.0120 -3.10 0.0308 
NM_212837 Danio rerio potassium voltage-gated channel, subfamily 
H (eag-related), member 2 (kcnh2), mRNA 
[NM_212837] 
signal 
transduction 
3.23 0.0019 -3.01 0.0411 
NM_201334 {similar to phosphatidylinositol-specific phospholipase 
C, X domain containing 1 (PLCXD1)} 
signal 
transduction 
4.07 0.0006 -3.69 0.0053 
AY286447 {similar to growth hormone 1 variant 2 (GH1)} signal 
transduction 
64.43 0.0002 -11.78 0.0025 
NM_194390 Danio rerio zinc finger-like gene 2 (znfl2), mRNA 
[NM_194390] 
transcription -2.48 0.0016 2.14 0.0077 
NM_213556 Danio rerio jun B proto-oncogene (junb), mRNA 
[NM_213556] 
transcription, 
apoptosis 
3.14 0.0005 -2.81 0.0478 
AY538257 Danio rerio fibronectin 3 mRNA, complete cds. 
[AY538257] 
wound 
healing 
2.78 0.0045 -2.33 0.0146 
ENSDART00000040691 {similar to coagulation factor XIII, A1 polypeptide 
(F13A1)} 
wound 
healing 
5.74 0.0020 -3.92 0.0287 
TC282441 {similar to relaxin 3 (Rln3)} wound 
healing 
8.53 0.0008 -4.97 0.0283 
Day 2: Control ratio = Fold change occuring between control and day 2 samples. A minus sign before the fold change indicates down-
regulation on day 2 relative to control. 
Day 4: Day 2 ratio = Fold change occuring between days 2 and 4. A minus sign before the fold change indicates down-regulation on day 4, 
relative to day 2. p-values for all of these differences were significant (p < 0.05). 
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Chapter 4: Summary and future directions 
Zebrafish possess robust regenerative capacity in the inner ear. Hair cell density 
recovers to control levels within 7-14 days following noise-induced damage. Cell 
proliferation is associated with the recovery process, peaking two days after cessation of 
noise exposure. Genes significantly up- or down-rcgulated in noise-exposed zebrafish 
between days two and four are associated in part with the processes of cell proliferation, 
tissue remodeling, and apoptosis. Genes previously identified in zebrafish hair cells are 
also noted on days two and four, along with homologs of mammalian and avian hair cell 
genes. 
There is still much that can be learned about the process of regeneration in 
zebrafish hair cells. Both morphological and gene expression studies could be used to 
characterize auditory hair cell regeneration in zebrafish. Since genes putatively 
associated with apoptosis were shown to be significantly regulated in this microarray 
study, an apoptosis study would be appropriate. TUNEL or caspase-labeling could be 
used to determine the time course of cell death in the inner ear. It would also be 
interesting to investigate the degree to which mitotic and non-mitotic means of hair cell 
replacement occur during auditory hair cell regeneration in zebrafish, since both 
mechanisms contribute to hair cell regeneration in birds (Stone and Cotanche, 2007). 
Additionally, hearing levels following noise exposure could be measured across the time 
course of hair cell regeneration to determine whether morphological recovery of hair cells 
is associated with functional recovery. 
Before this study is submitted for publication, quantitative real-time chain 
reaction (qPCR) studies should be performed on some of the significantly regulated 
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transcripts in order to validate the microarray results. Additional qPCR may be performed 
on transcripts of interest (p27Kipl, Rbl, Atohl) for a greater number of time points to 
determine whether these genes are significantly regulated at any time during zebrafish 
hair cell regeneration. 
Given that pRb and p27KipI regulation occurs in part through phophorylation and 
ubiquitinylation, respectively, performing phosphorylation assays for pRb and protein 
assays for p27Kipl across the time course of regeneration may prove enlightening. If 
interesting results are generated, a localization study through immunohistochemistry 
(IHC) could be performed to determine where these proteins are active in the saccule 
(i.e., are activity levels different in the damaged versus undamaged areas). 
Atohl involvement could be further investigated as well. If qPCR results 
demonstrate that Atohl is significantly regulated at some point during hair cell 
regeneration, an IHC study could be used to confirm localization of Atohl. Additionally, 
protein-protein interaction assays across the time course of regeneration could be 
performed to investigate the regulation of Atohl during regeneration, as Atohl activity is 
affected through protein binding. Atohl forms dimers with ubiquitously expressed bHLH 
proteins called E-proteins in order to bind DNA and affect transcription. Competitive 
binding of inhibitor of differentiation (Id) and hairy enhancer of split (Hes) proteins with 
E-proteins interfere with Atohl dimer formation and inhibit its transcriptional activity 
(reviewed in Bertrand et al., 2002). 
Another interesting question worth exploring is whether gene expression in the 
inner ear during aminoglycoside-induced damage mirrors that found in the noise-
damaged ear. Zebrafish lateral line hair cells show damage and recovery after exposure to 
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aminoglycoside antibiotics (Harris et al., 2003), but currently the effect of 
aminoglycosides on zebrafish inner ear gene expression is unknown. 
The specific functions of genes discussed in this study might be investigated 
through mutant screens or through gene-product knockdown with antisense morpholino 
oligonucleotides. Morpholinos have been used to study gene involvement during inner 
ear development in zebrafish (Babb-Clendenon et al., 2006; Li et al., 2005), but delivery 
of the morpholino into the inner ear of adult fish might be problematic. Recently, 
antisense morpholinos were successfully used to ablate activity of the LI gene in adult 
zebrafish brainstem neurons through application of morpholino-soaked pieces of gelfoam 
to spinal transection sites (Becker et al, 2004). It is not known whether this technique 
could effectively deliver morpholino into the inner ear. However, applying morpholinos 
to hair cells of the lateral line would be relatively easy and appropriate for studying 
gentamicin-induced hair cell damage and regeneration. 
There are many significantly regulated genes identified in the microarray 
experiment that have not been fully investigated due to time constraints. Further data 
mining may turn up more interesting correlations with mammalian hearing. Finally, a 
person interested in basic gene function will find that many gene functions have not been 
investigated in the zebrafish model. A student could find a wide array of possible topics 
to explore with relatively little competition from other labs. 
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Table A1. Gene expression at 2 days post- noise exposure 
Putative function GenBank accession no. Array ANOVA 
ratio P-value 
Apoptosis 
NM 182942 2.81 0.00217 
Calcium ion binding or transport 
BC067332 -2.11 0.000243 
NM_212783 
TC292008 
NM 200965 
-2.8 0.000668 
-2.89 0.0232 
-5.47 0.000203 
Cell adhesion 
ENSDART00000027823 
NM 001007314 
4.75 0.000291 
2.43 0.000835 
Cell Proliferation 
NM 200765 -2.1 i 0.00155 
Gene name (Gene symbol) BLAST E-
[Alternate gene name] {Gene value 
description (similar human or 
mouse gene symbol)} 
Danio rerio myxovirus (influenza) 
resistance A (mxa), mRNA 
[NM _182942] 
{similar to calsequestrin 1 (fast- 3e-110 (h) 
twitch, skeletal muscle)(CASQ1), 
nuclear gene encoding 
mitochondrial protein 
Danio rerio parvalbumin 4 (pvalb4) 
Danio rerio follistatin-like 1 ( fst l l ) 
Danio rerio ATPase, Ca++ 
transporting, cardiac muscle, slow 
twitch 2a (atp2a2a) 
{similar to microfibrillar-associated 2e-49 (h) 
protein 4 (MFAP4)} 
Danio rerio chemokine (C-X-C motif) 
receptor 3.2 (cxcr3.2), mRNA 
[NM_001007314] 
{similar to ribosomal protein S27 2e-36 (h) 
(metallopanstimulin 1) (RPS27)} 
70 
Cytoskeletal organization 
ENSDART00000039958 -2.17 
BC068410 -2.28 
TC282786 -4.34 
TC285609 -17.45 
DNA Repair and replication 
NM 198979 -2.38 
ENSDART00000033746 2.31 
NM 131792 -2.03 
Extracellular matrix 
ENSDART00000027823 4.75 
Gametogenesis 
NM 205623 10.1 
Immunity 
ENSDART00000003880 4.7 
0.000523 Danio rerio Keratin 8 [ NM_200080 ] 
0.000702 Danio rerio glial fibrillary acidic 
protein (gfap), mRNA [BC068410] 
0.0378 Danio rerio tubulin, gamma complex 
associated protein 5 (tubgcp5) 
0.000243 slow skeletal muscle troponin I 
{Mus musculus;} [TC285609] 
0.000503 Danio rerio kelch repeat and BTB 
(POZ) domain containing 10 
(kbtbdIO), mRNA [NM_198979] 
0.0336 {similar to GINS complex subunit 2 1e-81 (h) 
(Psf2 homolog) (GINS2)} 
[NM_016095 ] 
0.0021 Danio rerio cryptochrome 2b 
(cry2b), mRNA [ N M J 3 1 7 9 2 ] 
0.000291 {similar to microfibrillar-associated 2e-49 (h) 
protein 4 (MFAP4)} 
0.000259 Danio rerio luteinizing hormone beta 
1 (LOC402918), mRNA 
[NM_205623] 
0.0206 {similar to interferon-induced protein 5e-43 (h) 
with tetratricopeptid repeats 1 
(IFIT1), transcript variant 2} 
71 
NM_205569 3.11 
NM_131694 3.09 
NM_001005976 2.93 
NM _182942 2.81 
NM_131884 2.58 
ENSDART00000007397 2.47 
NM_001007314 2.43 
NM_131490 -2.43 
NM_194425 -67.68 
Lipid binding, transport, or metabolism 
NM_198815 5.35 
NM_199730 2.68 
ENSDART00000046280 2.65 
0.00021 Danio rerio v-fos FBJ murine 
osteosarcoma viral oncogene 
homolog (fos), mRNA [NM_205569] 
0.00108 Danio rerio MHC class II integral 
membrane protein alpha chain 2 
(a2), mRNA [ N M J 3 1 6 9 4 ] 
0.000203 complement component 1, q 
subcomponent, C chain (c lqc ) 
0.00217 Danio rerio myxovirus (influenza) 
resistance A (mxa), mRNA 
[NM_182942] 
0.00316 Danio rerio CCAAT/enhancer 
binding protein (C/EBP), beta 
(cebpb), mRNA [NM_131884] 
0.000203 Danio rerio cathepsin S, b.2 
(ctssb.2) [ NM_001017661] 
0.000835 Danio rerio chemokine (C-X-C motif) 
receptor 3.2 (cxcr3.2), mRNA 
[NM_001007314] 
0.000523 Danio rerio major histocompatibility 
complex class II integral membrane 
alpha chain gene (a4), mRNA 
[NM_131490] 
0.00236 Danio rerio major histocompatibility 
complex, class I, ZE (hla-ze), mRNA 
[NM_194425] 
2e-35 (h) 
0.00269 Danio rerio stearoyl-CoA desaturase 
(delta-9-desaturase) (scd), mRNA 
[NM_198815] 
0.000523 Danio rerio diacylglycerol O- 7e-174(h) 
acyltransferase homolog 1 (mouse) 
(dgat l ) . 
0.000259 {similar to lipoprotein lipase (LPL)} 3e-112 (h) 
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NM 212895 -2.01 
Metal ion regulation 
TC268116 
NM 170767 
NM_001002314 
NM 131879 
-3.05 
-3.13 
2.68 
2.56 
Miscellaneous 
CD759602 
NM_201502 
N M J 3 1 8 0 1 
NM 200697 
6.62 
2.81 
2.63 
-3.18 
Mitochondrial protein 
NM 199523 
AB055667 
- 2 .08 
-2.13 
0.00124 Danio rerio cellular retinol-binding 
protein type 1b (rbplb) , mRNA 
[NM_212895] 
0.000203 Danio rerio vitellogenin 2 (vtg2) 
0.00122 Danio rerio vitellogenin 1 (vg1), 
mRNA [NM_170767] 
0.00808 Danio rerio hypermethylated in 
cancer 1 (hic1), mRNA 
[NM_001002314] 
0.00103 Danio rerio cytochrome P450, family 
1, subfamily A (cyp1 a), mRNA 
[NM_131879] 
0.0062 {similar to intelectin 1 
(galactofuranose binding) ( I t ln l)} 
0.00207 Danio rerio spermine oxidase 
(smox), mRNA [NM_201502] 
0.00298 Danio rerio ornithine decarboxylase 
1 ( o d d ) , mRNA [NM_131801] 
0.000977 Danio rerio creatine kinase, 
mitochondrial 2 (sarcomeric) 
(ckmt2) 
6.00E-33 
0.00396 Danio rerio uncoupling protein 4 
(ucp4), mRNA [NM_199523] 
0.000259 {similar to mitochondrial ribosomal 8e-21 (h) 
protein S31 (MRPS31), nuclear 
gene encoding mitochondrial 
protein} 
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Muscle contraction 
NM 198979 -2.38 
NM_205676 -3.45 
ENSDART00000042532 -11.61 
NM_200516 -30.36 
AF425742 -36.63 
Nuceic acid metabolism 
NM 001004643 2.31 
NM_001004628 -4.66 
Proteolysis, and protein folding or biosynthesis 
NM_200856 3.78 
TC293041 4.82 
ENSDART00000007397 2.47 
NM_201503 2.385 
NM 212565 2.31 
0.000503 Danio rerio kelch repeat and BTB 
(POZ) domain containing 10 
(kbtbdIO), mRNA [ N M J 9 8 9 7 9 ] 
0.00182 {similar to tropomyosin 3 (TPM3), 
transcript variant 1} hypothetical 
protein LOC402975, mRNA 
[NM_205676] 
0.00752 {similar to troponin T type 2 
(cardiac) (TNNT2)} 
0.000877 Danio rerio atrial myosin light chain 
mRNA, complete cds. [NM_200516] 
0.000584 Danio rerio slow muscle myosin 
heavy chain mRNA, partial cds. 
[AF425742] 
1e-105 (h) 
6e-31 (h) 
0.000259 
0.00478 
Danio rerio ectonucleoside 
triphosphate diphosphohydrolase 2 
a.1 (entpd2a.1), mRNA 
[NM_001004643] 
{similar to purine-nucleoside 
phosphorylase (Pnp)} 
1e-94 (m) 
0.0427 {similar to torsin family 1, member B 
(torsin B)} 
0.000302 Danio rerio Ubquitin-like protein 2 
[TC293041] 
0.000203 Danio rerio cathepsin S, b.2 
(ctssb.2) [ NM_001017661] 
0.00322 Danio rerio matrix metalloproteinase 
13 (mmp13), mRNA [NM_201503] 
0.00115 Danio rerio dual specificity 
phosphatase 5 (dusp5), mRNA 
3e-72 (h) 
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Signal transduction 
ENSDART00000039537 -2.16 
NM_200765 -2.18 
NM_131198 -2.47 
AY286447 64.43 
NM_181438 5.02 
NM_201334 4.07 
NM_212439 3.86 
NM_212837 3.23 
NM_200091 3.04 
NM_131885 2.89 
NM_001007314 2.43 
NM_213260 -2.02 
NM 200765 -2.18 
[NM_212565] 
0.0132 cathepsin L precursor 
0.00155 {similar to ribosomal protein S27 
(metallopanstimulin 1) (RPS27)} 
0.00191 Danio rerio cathepsin L, b (ctslb), 
mRNA [ N M J 3 1 1 9 8 ] 
2e-36 (h) 
0.000243 
0.00148 
0.000584 
0.000523 
0.00191 
0 .012 
0.0023 
0.000835 
0.0174 
{similar to growth hormone 1 variant 2e-14 (h) 
2 (GH1)} 
Danio rerio proopiomelanocortin 
(pome), mRNA [NM J 81438] 
{similar to phosphatidylinositol- 3E-50 (h) 
specific phospholipase C, X domain 
containing 1 (PLCXD1)} 
Danio rerio period homolog 4 (per4), 
mRNA [NM_212439] 
Danio rerio potassium voltage-gated 
channel, subfamily H (eag-related), 
member 2 (kcnh2), mRNA 
[NM_212837] 
{similar to signal transducer and 2e-56 (h) 
activator of transcription 1, 91kDa 
(STAT1)} 
Danio rerio CCAAT/enhancer 
binding protein (C/EBP), alpha 
(cebpa), mRNA [NM_131885] 
Danio rerio chemokine (C-X-C motif) 
receptor 3.2 (cxcr3.2), mRNA 
[NM_001007314] 
{similar to olfactomedin 2 (OLFM2)} 8e-122 (h) 
0.00155 {similar to ribosomal protein S27 2e-36 (h) 
(metallopanstimulin 1) (RPS27)} 
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NM_001004112 -5.47 
Transcriptional control 
NM_205729 9.32 
NM_212837 3.23 
BC065951 3.15 
NM_213556 3.14 
NM_205569 3.11 
NM_200091 3.04 
NM_131842 3.02 
NM_131052 3 
NM_131885 2.89 
NM_001002314 2.68 
NM 001004015 2.6 
0.0174 {similar to four and a half LIM 
domains 2 (Fhl2)> 
4e-134 (m) 
0.000243 Danio rerio nuclear receptor 
subfamily 1, group D, member 1 
(NR1D1), mRNA [NM_205729] 
0.00191 Danio rerio potassium voltage-gated 
channel, subfamily H (eag-related), 
member 2 (kcnh2), mRNA 
[NM_212837] 
0.000949 {similar to ventral anterior 
homeobox containing gene 1 
(Vax1)} 
0.000523 Danio rerio jun B proto-oncogene 
(junb), mRNA [NM_213556] 
0.00021 Danio rerio v-fos FBJ murine 
osteosarcoma viral oncogene 
homolog (fos), mRNA [NM_205569] 
0.012 {similar to signal transducer and 
activator of transcription 1, 91kDa 
(STAT1)} 
0.000663 Danio rerio Kreisler (mouse) maf-
related leucine zipper homolog 2.2 
(krml2.2), mRNA [NM_131842] 
0.00457 Danio rerio T-box gene 6 (tbx6), 
mRNA [NM_131052] 
0.0023 Danio rerio CCAAT/enhancer 
binding protein (C/EBP), alpha 
(cebpa), mRNA [NM_131885] 
0.00808 Danio rerio hypermethylated in 
cancer 1 (hic1), mRNA 
[NM_001002314] 
0.00771 Danio rerio LIM homeobox 6 (Ihx6), 
mRNA [NM_001004015] 
1e-97 (m) 
2e-56 (h) 
76 
NM_183341 
NM_131884 
NM_131065 
NM_194390 
BC067685 
NM_001004112 
Vesicle mediated transport 
TC285369 
Wound healing 
TC282441 
ENSDART00000040691 
AY538257 
2.6 0.00472 Danio rerio early growth response 
2a (egr2a), mRNA [NM_183341] 
2.58 0.00316 Danio rerio CCAAT/enhancer 
binding protein (C/EBP), beta 
(cebpb), mRNA [NM_131884] 
2.33 0.00055 Danio rerio rev erb beta 2 
(reverbb2), mRNA [ N M J 3 1 0 6 5 ] 
-2.48 0.00164 Danio rerio zinc finger-like gene 2 
(znfl2), mRNA [NM_194390] 
-2.51 0.0283 Danio rerio brain POU domain gene 
1.2 
-5.47 0.0174 {similar to four and a half LIM 4e-134(m) 
domains 2 (Fhl2)} 
-2.16 0.00055 Danio rerio Syntaxin-binding protein 
6 [TC285369] 
8.53 0.000793 {similar to relaxin 3 (Rln3)} 0.000000004 
(m) 
5.74 0.00196 {similar to coagulation factor XIII, A1 1E-140(h) 
polypeptide (F13A1)} 
2.78 0.00452 Danio rerio fibronectin 3 mRNA, 
complete cds. [AY538257] 
Genes significantly regulated between control and day 2 for which putative functions were identified. 
Array ratio = Fold change occuring between control and day 2. A minus sign before the fold change indicates down-regulation on 
day 2. (h) = human homolog; (m) = mouse homolog 
E-values for all of these differences were significant (E < 10A-3). 
77 
Table A2. Gene expression at 4 days post- noise exposure 
GenBank accession 
no. 
Putative function 
Array ANOVA 
ratio P-value 
Gene name (Gene symbol) [Alternate gene name] BLAST 
{Gene description (similar human or mouse gene E-value 
symbol)} 
Antioxidant Enzyme 
NM 212676 2.08 0.00361 Danio rerio glutathione S-transferase M (gstm), mRNA 
[NM_212676] 
Apoptosis 
BC059568 
NM_198978 
NM_205544 
CN014934 
Calcium ion binding 
BC076256 
NM_205544 
Calcium ion transport 
NM_131188 
BC085636 
NM_212783 
NM 200965 
2.39 0.0301 {similar to BCL2/adenovirus E1B 19kDa interacting 7e-25 
protein 3 (BNIP3)} [NM_004052] (h) 
-2.18 0.0435 Danio rerio programmed cell death 4b (pdcd4b), mRNA 
[NM _198978] 
-2.65 0.00246 {similar to actinin alpha 3 (Actn3)} 0.0 (m) 
-4.66 0.00768 Danio rerio small heat shock protein HSPB11 (hspbl 1) 
-2.07 0.00436 Danio rerio pa ra lbumin 7, mRNA [BC076256] 
-2.65 0.00246 {similar to actinin alpha 3 (Actn3)} 
-2.34 0.00487 Danio rerio myosin, light polypeptide 2, skeletal muscle 
(mylz2), mRNA [ N M J 3 1 1 8 8 ] 
-3.05 0.00159 Danio rerio ATPase, Ca++transport ing, cardiac muscle, 
fast twitch 1, mRNA [BC085636] 
-3.08 0.000668 Danio rerio pa ra lbumin 4 (pvalb4) 
-4.16 0.000203 Danio rerio ATPase, Ca++ transporting, cardiac muscle, 
slow twitch 2a (atp2a2a) 
0.0 (m) 
Catalytic activity 
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NM_130932 
Cell adhesion 
AJ308517 
NM_130927 
CN505651 
Cell proliferation 
NM_212756 
NM_200765 
NM_130927 
AI330982 
Differentiation 
NM_001007287 
NM_201095 
Cytoskeletal organization 
NM_001003445 
NM 001001409 
•3.04 0.00224 
•2.47 0.00392 
•2.69 0.015 
•4.53 0.00663 
•2.03 0.0168 
•2.18 0.00155 
•2.69 0.015 
•7.49 0.00398 
-2.8 0.0199 
-3.61 0.0421 
2.33 0.00717 
-2.24 0.0362 
Danio rerio creatine kinase, muscle (ckm), mRNA 
[NM _130932] 
Danio rerio partial mRNA for glycine receptor alphaZ4 
subunit (giyRalpha4 gene). [AJ308517] 
Danio rerio nucleoside diphosphate kinase-Z2 (ndpkz2), 
mRNA [NM_130927] 
{similar to collagen, type IV, alpha 4 (COL4A4) 9e-05 
(h) 
Danio rerio granulin 2 (grn2), mRNA [NM_212756] 
{similar to ribosomal protein S27 (metallopanstimulin 1) 2e-36 
(RPS27)} (h) 
Danio rerio nucleoside diphosphate kinase-Z2 (ndpkz2), 
mRNA [NM_130927] 
zebrafish fin day l regeneration, mRNA sequence 
[AI330982] 
Danio rerio four and a half LIM domains a (fhla), mRNA 
[NM_001007287] 
{similar to tripartite motif-containing 54 (TRIM54)} 8e-96 
(h) 
{similar to keratin 17 (Krt17)} 3e-109 
(m) 
Danio rerio actin, alpha, cardiac muscle like (actcl), 
mRNA [NM_001001409] 
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NMJD01001409 
ENSDART00000039958 
NM_131591 
NM_131591 
NM_201095 
TC285609 
-2.24 0.0362 Danio rerio actin, alpha, cardiac muscle like (actcl), 
mRNA [NM_001001409] 
-2.79 0.00815 Danio rerio Keratin 8 [ NM_200080 ] 
-3.45 0.00299 Danio rerio actin, alpha 1, skeletal muscle (actal ) , 
mRNA [ N M J 3 1 5 9 1 ] 
-3.45 0.00299 Danio rerio actin, alpha 1, skeletal muscle (actal ) , 
mRNA [NM_131591] 
-3.61 0.0421 {similar to tripartite motif-containing 54 (TRIM54)} 
-25.77 0.000354 slow skeletal muscle troponin I {Mus musculus;} 
[TC285609] 
8e-96 
(h) 
Extracellular matrix 
Gametogenesis 
Immunity 
ENSDART00000027823 2.58 0.000291 {similar to microfibrillar-associated protein 4 (MFAP4)} 
BC045998 
BC045465 
CN505651 
NM_205623 
NM_205687 
AF273879 
NM 131471 
-2.42 
-3.27 
-4.53 
10.7 
7.016 
10.17 
2.04 
0.0168 Danio rerio collagen, type X, alpha 1 
0.00271 {similar to matrilin 1, cartilage matrix protein (MATN1)} 
0.00663 {similar to collagen, type IV, alpha 4 (COL4A4) 
2e-49 
(h) 
0.0 (h) 
9e-05 
(h) 
0.00117 Danio rerio luteinizing hormone beta 1 (LOC402918), 
mRNA [NM_205623] 
0.0305 {similar to glycoprotein hormones, alpha subunit (Cga)} 4E-36 
(h) 
0.0167 Danio rerio clone VH115 immunoglobulin heavy chain 
variable region mRNA [AF273879] 
0.00107 Danio rerio major histocompatibility complex class I 
UBA gene (mhcluba), mRNA [ N M J 3 1 4 7 1 ] 
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NM_212622 
NM_001007206 
NM_001004534 
Lipid transport or metabolism 
-2.13 0.0252 Danio rerio alpha-2-HS-glycoprotein (ahsg), mRNA 
[NM_212622] 
-2.26 0.00377 {similar to major histocompatibility complex, class II, DP 5e-25 
beta 1 (HLA-DPB1)} (h) 
-2.35 0.00517 {similar to major histocompatibility complex, class II, DP 5e-23 
alpha 1 (HLA-DPA1)} (h) 
0 ( h ) BC076535 2.22 0.00746 {similar to solute carrier family 27 (fatty acid 
transporter), member 1 (SLC27A1)} 
NM_153004 2.13 0.00235 Danio rerio retinol binding protein 2, cellular (rbp2), 
mRNA [NM_153004] 
ENSDART00000046280 2.13 0.00262 {similar to lipoprotein lipase (LPL)} 
NM_170767 -13.29 0.00665 Danio rerio vitellogenin 1 (vg1), mRNA [NM_170767] 
Metabolism 
NM_201024 
NM_213121 
metal ion binding or transport 
BC054944 
NM_152966 
NM_212583 
NM_001001946 
NM 131802 
-2.26 0.00577 Danio rerio phosphoglycerate mutase 2 (muscle) 
(pgam2), mRNA [NM_201024] 
-2.73 0.0123 {similar to CCR4-NOT transcription complex, subunit 7 
(CNOT7)} 
2.79 0.000332 {Similar to transferrin (TF)} 
2.51 0.000354 Danio rerio homogentisate 1,2-dioxygenase (hgd), 
mRNA [NM_152966] 
2.23 0.0238 solute carrier family 39 (zinc transporter), member 1 
(slc39a1) 
2.15 0.00317 Danio rerio alcohol dehydrogenase 8a (adh8a), mRNA 
[NM_001001946] 
-2.01 0.00493 Danio rerio ceruioplasmin (cp), mRNA [NM_131802] 
3e-112 
(h) 
2e-100 
(h) 
5e-107 
(h) 
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AJ308517 
NM_001007287 
NM 199858 
Muscle contraction 
NM_205676 
AF425742 
NM_200516 
Nucleic acid synthesis, metabolism 
NM_213311 
NM_130927 
NM 130927 
-2.47 0.00392 Danio rerio partial mRNA for glycine receptor alphaZ4 
subunit (glyRalpha4 gene). [AJ308517] 
-2.8 0.0199 Danio rerio four and a half LIM domains a (fhla), mRNA 
[NM_001007287] 
-2.81 0.00493 Danio rerio LIM domain binding 3 like (Idb3l), mRNA 
[NM_199858] 
-5.5 0.00182 {similar to tropomyosin 3 (TPM3), transcript variant 1} 
hypothetical protein LOC402975, mRNA [NM_205676] 
-33.26 0.019 Danio rerio slow muscle myosin heavy chain mRNA, 
partial cds. [AF425742] 
-62.03 0.00262 Danio rerio atrial myosin light chain mRNA 
[NM_200516] 
2.19 0.0159 Danio rerio nucleoside phosphorylase (np) 
[NM_213311] 
-2.69 0.015 Danio rerio nucleoside diphosphate kinase-Z2 (ndpkz2), 
mRNA [NM_130927] 
-2.69 0.015 Danio rerio nucleoside diphosphate kinase-Z2 (ndpkz2), 
mRNA [NM_130927] 
Proteolysis, protein synthesis or folding 
ENSDART00000023550 2.78 
NM_200765 -2.18 
NM_001001409 -2.24 
NM 199858 -2.81 
0.0201 Danio rerio similar to Heat shock protein HSP 90-alpha 
(HSP 86) 
0.00155 {similar to ribosomal protein S27 (metallopanstimulin 1) 
(RPS27)} 
0.0362 Danio rerio actin, alpha, cardiac muscle like (actcl), 
mRNA [NM_001001409] 
0.00493 Danio rerio LIM domain binding 3 like (Idb3l), mRNA 
[NM_199858] 
1e-105 
(h) 
2e-36 
(h) 
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Signal transduction 
NM_131591 
CN014934 
i
NM_205687 
NM_181438 
AY286447 
NM 212439 
-3.45 0.00299 
-4.66 0.00768 
7.016 0.0305 
6.945 0.00387 
5.46 0.00436 
4.24 0.000974 
ENSDART00000023550 2.78 0.0201 
NM 200634 2.68 0.0106 
NM_001007443 
NM_212622 
AJ308517 
AJ308517 
NM_213121 
NM 213121 
2.12 0.036 
-2.13 0.0252 
-2.47 0.00392 
-2.47 0.00392 
-2.73 0.0123 
-2.73 0.0123 
Transcriptional control 
CN014468 10.2 0.00432 
Danio rerio actin, alpha 1, skeletal muscle (actal ) , 
mRNA [ N M J 3 1 5 9 1 ] 
Danio rerio small heat shock protein HSPB11 (hspbl 1) 
{similar to glycoprotein hormones, alpha subunit (Cga)} 4E-36 
(h) 
Danio rerio proopiomelanocortin (pome), mRNA 
[NM_181438] 
{similar to growth hormone 1 variant 2 (GH1)} 2e-14 
(h) 
Danio rerio period homolog 4 (per4), mRNA 
[NM_212439] 
Danio rerio similar to Heat shock protein HSP 90-alpha 
(HSP 86) 
Danio rerio amyloid beta (A4) precursor protein-binding, 
family B, member 1 interacting protein (apbbl ip) , 
mRNA [NM_200634] 
Danio rerio homolog gene family, member Ua (rhoua) 
Danio rerio alpha-2-HS-glycoprotein (ahsg), mRNA 
[NM_212622] 
Danio rerio partial mRNA for glycine receptor alphaZ4 
subunit (glyRalpha4 gene). [AJ308517] 
Danio rerio partial mRNA for glycine receptor alphaZ4 
subunit (glyRalpha4 gene). [AJ308517] 
{similar to CCR4-NOT transcription complex, subunit 7 2e-100 
(CNOT7)} (h) 
{similar to CCR4-NOT transcription complex, subunit 7 2e-100 
(CNOT7)} (h) 
Danio rerio CCAAT/enhancer binding protein (C/EBP), 
alpha (cebpa), mRNA [NM_131885] 
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NM_205729 
NM_131867 
TC293018 
NM_131065 
NM_131108 
NM_131052 
NM_198978 
NM_130927 
NM_213121 
NM 001004112 
8.33 0.00017 Danio rerio nuclear receptor subfamily 1, group D, 
member 1 (NR1D1), mRNA [NM_205729] 
2.52 0.00487 Danio rerio heat shock factor 2 (hsf2), mRNA 
[NM_131867] 
2.48 0.00224 Danio rerio cryptochrome 3 (cry3) [NM_131786.2] 
2.35 0.00287 Danio rerio rev erb beta 2 (reverbb2), mRNA 
[NM_131065] 
2.22 0.00947 Danio rerio type I cytokeratin (cki), mRNA [NM_131108] 
2.14 0.0376 Danio rerio T-box gene 6 (tbx6), mRNA [NM_131052] 
-2.18 0.0435 Danio rerio programmed cell death 4b (pdcd4b), mRNA 
[NM _198978] 
-2.69 0.015 Danio rerio nucleoside diphosphate kinase-Z2 (ndpkz2), 
mRNA [NM_130927] 
-2.73 0.0123 {similar to CCR4-NOT transcription complex, subunit 7 
(CNOT7)} 
-2.93 0.0481 {similar to four and a half LIM domains 2 (Fhl2)} 
2e-100 
(h) 
4e-134 
(m) 
Transporter activity 
NM 214702 
NM 200285 
-2.65 0.00506 
-2.74 0.0067 
Danio rerio solute carrier family 25 (mitochondrial 
carrier; adenine nucleotide translocator), member 4 
(slc25a4) 
Danio rerio solute carrier family 46, member 1 (slc46a1) 
Genes significantly regulated between control and day 4 for which putative functions were identified. 
Array ratio = Fold change occuring between control and day 4. A minus sign before the fold change indicates down-regulation on day 4. 
(h) = human homolog; (m) = mouse homolog 
E-values for all of these differences were significant (E < 10A-3). 
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Table A3. Gene expression differences between days 2 and 4 post- noise exposure 
Putative function GenBank accession Day 4: ANOVA Gene name (Gene symbol) [Alternate gene name] BLAST E-value 
no. Day 2 P-value {Gene description (similar human or mouse gene 
ratio symbol)} 
Angiogenesis 
NM 205734 -2.06 0.00272 Danio rerio vascular endothelial growth factor c (vegfc), 
mRNA [NM_205734] 
Apoptosis 
BC059568 2.17 0.0282 {similar to BCL2/adenovirus E1B 19kDa interacting 7e-25 (h) 
protein 3 (BNIP3)} [NM_004052] 
Catalysis 
BC074056 
NM_001007378 
NM 130932 
2.61 0.0191 {similar to RIKEN cDNA 2210023G05 gene 
(2210023G05Rik)} 
2.49 0.0452 Danio rerio PTC7 protein phosphatase homolog (S. 
cerevisiae) (pptc7) 
-2.28 0.0044 Danio rerio creatine kinase, muscle (ckm), mRNA 
[NM_130932] 
6e-130 (m) 
Calcium ion binding 
NM 13114 
NM 131042 
-2.13 0.0133 Danio rerio myosin, light polypeptide 2, skeletal muscle 
(mylz2), mRNA [NM_131188] 
-2.27 0.0149 Danio rerio fibulin 1 ( fblnl) , mRNA [NM_131042] 
Cell Adhesion 
AY538257 -2.33 0.0146 Danio rerio fibronectin 3 mRNA, complete cds. 
[AY538257] 
Cell Proliferation 
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NM_205734 
Cytoskeletal organization 
NM _194388 
NM_131591 
NM 200224 
Extracellular matrix 
NM_201503 
BC045998 
NM_201478 
NM_131042 
NM_199214 
BC045465 
AF500198 
-2.06 0.00272 
-2.11 0.0206 
-2.14 0.00764 
-2.18 0.0422 
-2.73 0.0305 
2.5 0.0146 
2.27 0.00989 
-2.15 0.0161 
-2.21 0.0196 
-2.25 0.007 
-2.27 0.0149 
-2.63 0.0155 
-2.66 0.0047 
-2.89 0.0481 
NM_001007365 
Epidermis development 
NM_001003445 
NM 131108 
Growth 
Danio rerio vascular endothelial growth factor c (vegfc), 
mRNA [NM_205734] 
Danio rerio tubulin, alpha 1 ( tubal) , mRNA 
[NM_194388] 
Danio rerio actin, alpha 1, skeletal muscle (acta l ) , 
mRNA [ N M J 3 1 5 9 1 ] 
{similar to thyroid hormone receptor interactor 10 7e-103 (h) 
(TRIP10)} 
{similar to troponin I, skeletal, fast 2 (Tnni2)} 2e-55 (m) 
{similar to keratin 17 (Krt17)} 3e-109 (m) 
Danio rerio type I cytokeratin (cki), mRNA [NM_131108] 
Danio rerio matrix metalloproteinase 13 (mmp13), 
mRNA [NM_201503] 
Danio rerio collagen, type X, alpha 1 
Danio rerio collagen, type I alpha 3 (col1a3), mRNA 
[NM_201478] 
Danio rerio fibulin 1 (fblnl), mRNA [NM_131042] 
Danio rerio collagen, type I, alpha 1 ( co l l a l ) , mRNA 
[NM_199214] 
{similar to matrilin 1, cartilage matrix protein (MATN1)} 0.0 (h) 
Danio rerio fibronectin variant 3 mRNA, partial cds. 
[AF500198] 
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AY286447 -11.78 0.0025 {similar to growth hormone 1 variant 2 (GH1)} 2e-14 (h) 
Immunity 
NM_194425 
NM_131490 
NM_001005976 
TC290282 
NM_131694 
TC297448 
Lipid regulation, metabolism 
NM_198815 
TC268116 
NM_170767 
NM 199730 
Metal ion interactions 
NM_001004587 
NM_001001946 
NM 200285 
34.36 0.0143 Danio rerio major histocompatibility complex, class I, ZE 
(hla-ze), mRNA [NM_194425] 
4.15 0.00179 Danio rerio major histocompatibility complex class II 
integral membrane alpha chain gene (a4), mRNA 
[NM_131490] 
-2.04 0.0149 {similar to complement component 1, q subcomponent, 
C chain (c lqc) } 
-2.25 0.00769 Danio rerio cathepsin S, b.2 (ctssb.2) [ NMJD01017661] 
2e-35 (h) 
-2.33 0.0249 Danio rerio MHC class II integral membrane protein 
alpha chain 2 (a2), mRNA [NM_131694] 
-2.87 0.0399 {similar to intelectin 1 (galactofuranose binding) ( I t lnl)} 3E-32 (m) 
[TC297448] 
-3.29 0.0374 Danio rerio stearoyl-CoA desaturase (delta-9-
desaturase) (scd), mRNA [ N M J 9 8 8 1 5 ] 
-4.1 0.0143 Danio rerio vitellogenin 2 (vtg2) 
-4.24 0.0203 Danio rerio vitellogenin 1 (vg1), mRNA [NM_170767] 
-2.18 0.00853 Danio rerio diacylglycerol O-acyltransferase homolog 1 
(mouse) (dgat l ) . 
4.17 0.0116 {similar to cytochrome P450, family 1, subfamily A, 
polypeptide 1(CYP1A1)} 
2.01 0.00399 Danio rerio alcohol dehydrogenase 8a (adh8a), mRNA 
[NMJ301001946] 
-2.5 0.0123 Danio rerio solute carrier family 46, member 1 (slc46a1) 
7e-174 (h) 
2e-105 (h) 
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NM 131879 -2.55 0.00543 Danio rerio cytochrome P450, family 1, subfamily A 
(cypla) , mRNA [NM_131879] 
Nuclear mitochondrial protein 
AB055667 2.01 0.00297 {similar to mitochondrial ribosomal protein S31 
(MRPS31), nuclear gene encoding mitochondrial 
protein} 
8e-21 (h) 
Nucleic acid metabolism 
NM_001004628 
Protein 
regulation 
Signal 
transduction 
6.82 0.00989 {similar to purine-nucleoside phosphorylase (Pnp)} 
AB062116 3.29 0.00285 Danio rerio HSP70 mRNA for stress protein HSP70 
[AB062116] 
ENSDART00000023550 2.78 0.0201 Danio rerio similar to Heat shock protein HSP 90-alpha 
(HSP 86) 
NM_213451 2 0.00769 {similar to eukaryotic translation initiation factor 4A, 
isoform 2 (EIF4A2)} 
NM_200856 -2.04 0.0287 {similar to torsin family 1, member B (torsin B)} 
NM_131591 -2.14 0.00764 Danio rerio actin, alpha 1, skeletal muscle (actal ) , 
mRNA [ N M J 3 1 5 9 1 ] 
TC290282 -2.25 0.00769 Danio rerio cathepsin S, b.2 (ctssb.2) [ NM_001017661] 
AW115536 -2.62 0.0366 Danio rerio carboxypeptidase A1 (pancreatic) (cpa l ) 
TC293041 -2.77 0.00366 Danio rerio Ubquitin-like protein 2 [TC293041] 
1e-94 (m) 
l e -144 (h) 
3e-72 (h) 
ENSDART00000023550 
NM 213121 
2.78 0.0201 Danio rerio similar to Heat shock protein HSP 90-alpha 
(HSP 86) 
-2.02 0.0264 {similar to CCR4-NOT transcription complex, subunit 7 2e-100(h) 
(CNOT7)} 
NM_200224 
AY538257 
NM_212837 
NM_200091 
NM_201334 
TC282441 
Transcription regulation 
NM _194390 
NM_212650 
NM_213451 
NM_213121 
N M J 3 1 8 3 9 
NM_213556 
NM_212837 
NM 200091 
-2.18 0.0422 
-2.33 0.0146 
-3.01 0.0411 
-3.1 0.0308 
-3.69 0.0053 
-4.97 0.0283 
2.14 0.00767 
2.08 0.0134 
2 0.00769 
-2.02 0.0264 
-2.27 0.00323 
-2.81 0.0478 
-3.01 0.0411 
-3.1 0.0308 
{similar to thyroid hormone receptor interactor 10 7e-103 (h) 
(TRIP10)} 
Danio rerio fibronectin 3 mRNA, complete cds. 
[AY538257] 
Danio rerio potassium voltage-gated channel, subfamily 
H (eag-related), member 2 (kcnh2), mRNA 
[NM_212837] 
{similar to signal transducer and activator of 2e-56 (h) 
transcription 1, 91kDa (STAT1)} 
{similar to phosphatidylinositol-specific phospholipase 3E-50 (h) 
C, X domain containing 1 (PLCXD1)} 
{similar to relaxin 3 (Rln3)} 0.000000004 (m) 
Danio rerio zinc finger-like gene 2 (znfl2), mRNA 
[NM J 94390] 
{similar to zinc finger and BTB domain containing 11 4e-74 (h) 
(ZBTB11)} 
{similar to eukaryotic translation initiation factor 4A, 1e-144 (h) 
isoform 2 (EIF4A2)} 
{similar to CCR4-NOT transcription complex, subunit 7 2e-100 (h) 
(CNOT7)} 
Danio rerio Kreisler (mouse) maf-related leucine zipper 
homolog 2 (krml2), mRNA [NM_131839] 
Danio rerio jun B proto-oncogene (junb), mRNA 
[NM_213556] 
Danio rerio potassium voltage-gated channel, subfamily 
H (eag-related), member 2 (kcnh2), mRNA 
[NM_212837] 
{similar to signal transducer and activator of 2e-56 (h) 
transcription 1, 91kDa (STAT1)} 
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Wound healing 
AY538257 -2.33 0.0146 
ENSDART00000040691 -3.92 0.0287 
Danio rerio fibronectin 3 mRNA, complete cds. 
[AY538257] 
{similar to coagulation factor XIII, A1 polypeptide 1E-140 (h) 
(F13A1)} 
Day 4: Day 2 ratio = Fold change occuring between days 2 and 4. A minus sign before the fold change indicates down-regulation on day 
4 relative to day 2. 
(h) = human homolog; (m) = mouse homolog 
E-values for all of these differences were significant (E < 10A-3). 
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Tabic A4. Genes upregulated 2 days post- noise exposure 
Agilent systematic Genbank or common Description (name) [Accession no] 
name name 
A_15_P112144 
A_15_P115094 
A_15_P109121 
A_15_P110290 
A J 5 J M 18745 
A_15 PI 17833 
A_15_P102832 
A_15_P106458 
A_15_P111207 
A_15_P100713 
A_15_P104953 
A_15_P120422 
A 15 PI 16304 
AY286447 
CN014468 
NM_205623 
NMJ205729 
TC282441 (common) 
NM_205623 
NM_205687 
CD759602 
BC085676 
CF996283 
C0352814 
TC297448 (common) 
ENSDART00000040691 
Danio rerio growth hormone mRNA, partial cds. [AY286447] 
AGENCOURT_20189665 NIH_ZGC_15 Danio rerio cDNA clone 
IMAGE:7224689 5', mRNA sequence [CN014468] 
Danio rerio luteinizing hormone beta 1 (LOC402918), mRNA 
[NM_205623] 
Danio rerio nuclear receptor subfamily 1, group D, member 1 (NR1D1), 
mRNA [NM_205729] 
Q6UXW5 (Q6UXW5) RLN3, partial (34%) [TC282441] 
Danio rerio luteinizing hormone beta 1 (LOC402918), mRNA 
[NM_205623] 
Danio rerio glycoprotein hormones, alpha polypeptide (cga), mRNA 
[NM_205687] 
AGENCOURT_14628712 NCI_CGAP_ZKidl Danio rerio cDNA clone 
IMAGE:6961031 5', mRNA sequence [CD759602] 
Danio rerio cDNA clone IMAGE:7012610. [BC085676] 
AGENCOURT_l6394428 NIH_ZGC_7 Danio rerio cDNA clone 
IMAGE:7037941 5', mRNA sequence [CF996283] 
DR_ATE_FL05_B04 adult testis full-length (TLL) Danio rerio cDNA, 
mRNA sequence [C0352814] 
Q80ZA0 (Q80ZA0) Intelectin 2, partial (48%) [TC297448] 
fz82al l.yl Sugano SJD adult male Danio rerio cDNA clone 
IMAGE:5914677 5' similar to TR:Q90714 Q90714 
TRANSGLUTAMINASE ;, mRNA sequence [BQ258468] 
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A l 5 P112389 
A 15_P101818 
A_I5_P101735 
A 15JP112208 
A 15 PI 10119 
A_15_P119540 
A_15_P103870 
A\_15_P 105880 
A_l 5_P 106125 
A_15_P104502 
A_15__P118179 
A J 5 P 1 14749 
A_15_P107066 
A_15_P103566 
A 15_P117472 
A_15_P107202 
A_15_P116088 
A 15 PI20067 
N M J 9 8 8 1 5 
NM_181438 
TC293041 
ENSDART00000027823 
ENSDART00000003880 
AW419856 
NM_212889 
NM_201334 
NM_212889 
NM_212439 
TC286423 
NM_200856 
TC290282 
TC287044 
BI845329 
TC268840 
NM_212837 
BC065951 
A 15 P117758 NM 213556 
Danio rerio stearoyl-CoA desaturase (delta-9-desaturase) (scd), mRNA 
[NMJ98815] 
Danio rerio proopiomelanocortin (pome), mRNA [NM_181438] 
Q7T2M5 (Q7T2M5) Ubquitin-like protein 2, partial (97%) [TC293041] 
Q8HY48 (Q8HY48) Microfibril-associated glycoprotein 4 (Fragment), 
partial (48%) [TC293756] 
Q7T2N2 (Q7T2N2) Interferon-inducible protein IFI56, partial (68%) 
[TC285782] 
Ij84dl0.yl zebrafish gridded kidney Danio rerio cDNA 5', mRNA 
sequence [AW419856] 
Danio rerio zgc:77076 (zgc:77076), mRNA [NM_212889] 
Danio rerio zgc:64065 (zgc:64065), mRNA [NM_201334] 
Danio rerio zgc:77076 (zgc:77076), mRNA [NM_212889] 
Danio rerio period homolog 4 (per4), mRNA [NM_212439] 
Q71RG1 (Q71RG1) FP291, partial (55%) [TC286423] 
Danio rerio zgc:77727 (zgc:77727), mRNA [NM_200856] 
Q90324 (Q90324) Cysteine proteinase, partial (40%) [TC290282] 
Q8QGB0 (Q8QGB0) VHSV-induced protein-10, partial (45%) 
[TC287044] 
fs93hl l.yl Zebrafish neuronal Danio rerio cDNA clone IMAGE:5077485 
5', mRNA sequence [BI845329] 
BC053246 zgc:64091 {Danio rerio;} , partial (23%) [TC268840] 
Danio rerio potassium voltage-gated channel, subfamily H (eag-related), 
member 2 (kcnh2), mRNA [NM_212837] 
Danio rerio ventral anterior homeobox 1, mRNA (cDNA clone 
MGC:77277 IMAGE:6964782), complete cds. [BC065951] 
Danio rerio jun B proto-oncogene (junb), mRNA [NM_213556] 
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A_ 15 P101481 
A_15_P102324 
A_15_P106092 
AJ5_P115732 
A_15_P107499 
A_15_P120335 
A 15P103161 
A_15_P120934 
A_15_P108996 
A_15_P113606 
A_15_P107751 
A_I5_P119659 
A_15_P110940 
A_15_P105260 
A_15_P104367 
A__l 5_P 1 14118 
A 15 P103323 
NM_205569 
NM_13 1694 
NM_200091 
NM_131842 
NM_131052 
BC062823 
NM_001005976 
NM_131839 
NM_131885 
NM_131839 
NM_182942 
ENSDART00000045967 
CK236153 
NM_001002314 
NM_199730 
NM_001003482 
ENSDART00000046280 
Danio rerio v-fos FBJ murine osteosarcoma viral oncogene homolog (fos), 
mRNA [NM_205569] 
Danio rerio MHC class II integral membrane protein alpha chain 2 (a2), 
mRNA [NMJ31694] 
Danio rerio si:xx-51 fl9.2 (si:xx-51 f 19.2), mRNA [NM_200091 ] 
Danio rerio Kreisler (mouse) maf-related leucine zipper homolog 2.2 
(krml2.2), mRNA [NM_131842] 
Danio rerio T-box gene 6 (tbx6), mRNA [NM_131052] 
Danio rerio cDNA clone MGC:77569 IMAGE:7001801, complete cds. 
[BC062823] 
Danio rerio zgc: 103597 (zgc: 103597), mRNA [NM_001005976] 
Danio rerio Kreisler (mouse) maf-related leucine zipper homolog 2 
(krml2), mRNA [NMJ31839] 
Danio rerio CCAAT/enhancer binding protein (C/EBP), alpha (cebpa), 
mRNA [NM_131885] 
Danio rerio Kreisler (mouse) maf-related leucine zipper homolog 2 
(krml2), mRNA [NMJ31839] 
Danio rerio myxovirus (influenza) resistance A (mxa), mRNA 
[NM_182942] 
Q6PFG7 (Q6PFG7) Tyki protein, partial (25%) [TC276120] 
AGENCOURTJ 6981774 NCI_CGAP_ZKidl Danio rerio cDNA clone 
IMAGE:7070123 5', mRNA sequence [CK236153] 
Danio rerio hypermethylated in cancer 1 (hicl), mRNA [NM_001002314] 
Danio rerio zgc:77691 (zgc:77691), mRNA [NM_199730] 
Danio rerio zgc:91810 (zgc:91810), mRNA [NM_001003482] 
lipoprotein lipase [Source:ZFIN;Acc:ZDB-GENE-990415-l 39] 
[ENSDART00000046280] 
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A__15_P 119478 
A_15_P115367 
A_15_P113920 
A_15_P100578 
A_15_P100772 
A_15_P120995 
A_15_P111826 
A_15_P 107862 
A_15_P112968 
A_15_P111106 
A_15_P 104877 
A_15_P120314 
A_15_P119010 
A_15_P106863 
A_15_P116719 
A_15_P106438 
A_15_P118478 
A_15__P 112469 
A_15 P108550 
A 15 PI00727 
NM_18334l 
NM_001004015 
N M J 3 1 8 8 4 
NM_131879 
TC297900 
AY538257 
ENSDART00000007397 
NM_001007314 
TC280209 
ENSDART00000009889 
NM_201503 
ENSDART00000007397 
NM_001007314 
NM_001005946 
TC292230 
NM_131065 
ENSDART00000016365 
ENSDART00000033746 
NM_212565 
NM 001004643 
Danio rerio early growth response 2a (egr2a), mRNA [NM_183341] 
Danio rerio LIM homeobox 6 (lhx6), mRNA [NM_001004015] 
Danio rerio CCAAT/enhancer binding protein (C/EBP), beta (cebpb), 
mRNA [NMJ31884] 
Danio rerio cytochrome P450, family 1, subfamily A (cypla), mRNA 
[NM_131879] 
Q9QZ66 (Q9QZ66) Amino acid transporter y+LATl, partial (22%) 
[TC297900] 
Danio rerio fibronectin 3 mRNA, complete cds. [AY538257] 
NA 
Danio rerio zgc:92301 (zgc:92301), mRNA [NM_001007314] 
035275 (035275) Ets transcription factor, partial (28%) [TC280209] 
DCK_MOUSE (P43346) Deoxycytidine kinase (dCK), partial (89%) 
[TC280127] 
Danio rerio matrix metalloproteinase 13 (mmpl3), mRNA [NM_201503] 
NA 
Danio rerio zgc:92301 (zgc:92301), mRNA [NM_001007314] 
Danio rerio zgc:103681 (zgc: 103681), mRNA [NM_001005946] 
093241 (093241) Natural killer cell enhancing factor (Natural killer 
enhancing factor), complete [TC292230] 
Danio rerio rev erb beta 2 (reverbb2), mRNA [NM_131065] 
Q9BWT1 (Q9BWT1) C-Myc target JPOl (Cell division cycle associated 
protein 7, isoform 2), partial (66%) [TC268577] 
AGENCOURT_20646826 NIH_ZGC_5 Danio rerio cDNA clone 
IMAGE:7241065 5', mRNA sequence [CN022196] 
Danio rerio dual specificity phosphatase 5 (dusp5), mRNA [NM_212565] 
Danio rerio si:rp7l-lo1.2 (si:rp71-1 o 1.2), mRNA [NM_001004643] 
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A_15_P114049 
A_15_P120379 
A 15_P109191 
A_15_P103588 
A_15_P113569 
A_15_P118874 
A_15_P111776 
A_15_P109596 
A_15_P109852 
A_15_P117761 
A_15_P106221 
A_15_P104554 
A 15_P116912 
A_15JP114878 
A_15_P105918 
A_15_P112215 
A 15_P 106306 
A 15 PI00712 
NM_201502 
C0354731 
NM_131801 
CK142748 
NM_212737 
NM_131705 
BC091458 
TC271103 
ENSDART00000027300 
NM_200634 
TC286577 
NM_212750 
TC279990 
TC293018 
N M J 7 8 2 8 8 
NM_199580 
NM_200841 
ENSDART00000017954 
Danio rerio spermine oxidase (smox), mRNA [NM_201502] 
DR_ATE_FL30_D05 adult testis full-length (TLL) Danio rerio cDNA, 
mRNA sequence [C0354731] 
Danio rerio ornithine decarboxylase 1 (odcl), mRNA [NM_13 1801] 
AGENCOURT_16819411 NIH_ZGC_10 Danio rerio cDNA clone 
IMAGE:7047498 5', mRNA sequence [CK142748] 
Danio rerio zgc:66409 (zgc:66409), mRNA [NM_212737] 
Danio rerio major histocompatibility complex class I UEA gene 
(mhcluea), mRNA [ N M J 31705] 
Q72I65 (Q72I65) TRNA pseudouridine synthase A , partial (7%) 
[TC269223] 
Q7SXE0 (Q7SXE0) Wu:fj09e08 protein, complete [TC271103] 
Q7ZSY7 (Q7ZSY7) LOC398462 protein (Fragment), partial (56%) 
[TC284988] 
Danio rerio amyloid beta (A4) precursor protein-binding, family B, 
member 1 interacting protein (apbblip), mRNA [NM_200634] 
KHL6_HUMAN (Q8WZ60) Kelch-likc protein 6, partial (90%) 
[TC286577] 
Danio rerio jun B proto-oncogene, like (junbl), mRNA [NM_212750] 
Q7T3L7 (Q7T3L7) Cell division control protein 2, complete [TC279990] 
Q7ZU53 (Q7ZU53) Cryptochrome 3, complete [TC293018] 
Danio rerio selenoprotein X, 1 (sepxl), mRNA [NM_178288] 
Danio rerio hyaluronan mediated motility receptor (hmmr), mRNA 
[NM_199580] 
Danio rerio pleckstrin (plek), mRNA [NM_200841] 
Q764P8 (Q764P8) Embryonic transglutaminase, partial (31%) [TC294755] 
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A 15 PI 18354 BG799470 
A_15_P115601 
A__l 5_P 1 19814 
A_15_P112728 
A_15_P108353 
A_15_P118880 
A_15_P110803 
A 15_P 120572 
A_15_P118878 
A_15 PI 19466 
A J 5 J M 11775 
A_I5_P111487 
A_15_P102211 
A_15_P107847 
A_15_P109381 
A_15_P114268 
A_15_ PI20727 
A 15 PI 11545 
ENSDART00000046520 
NM_131760 
NM_131786 
NM_205578 
TC279802 
NM _178436 
NM_001003775 
NM_212676 
NM_200823 
AF500198 
NM_178288 
ENSDART00000040301 
TC291616 
NM_200552 
NM_200585 
N M J 78436 
BI896258 
fm97d06.yl Zebrafish Research Genetics C32 fin Danio rerio cDNA clone 
IMAGE:4468666 5' similar to TR:Q9UFV7 Q9UFV7 HYPOTHETICAL 
41.8 KD PROTEIN ;, mRNA sequence [BG799470] 
AGENCOURT_20186598 NIH_ZGC_14 Danio rerio cDNA clone 
IMAGE:7231368 5', mRNA sequence [CN023680] 
Danio rerio zgc:56465 (zgc:56465), mRNA [NM_131760] 
Danio rerio cryptochrome 3 (cry3), mRNA [NM_131786] 
Danio rerio envelope protein (env), mRNA [NM_205578] 
Q7ZUM7 (Q7ZUM7) Kifl 1 protein, complete [TC279802] 
Danio rerio MCM5 minichromosome maintenance deficient 5 (S. 
cerevisiae) (mcm5), mRNA [NM_178436] 
Danio rerio zgc: 100989 (zgc: 100989), mRNA [NM_001003775] 
Danio rerio glutathione S-transferase M (gstm), mRNA [NM_212676] 
Danio rerio zgc:66125 (zgc:66125), mRNA [NM_200823] 
Danio rerio fibronectin variant 3 mRNA, partial cds. [AF500198] 
Danio rerio selenoprotein X, 1 (sepxl), mRNA [NM_178288] 
Q91X70 (Q91X70) Complement component 6, partial (50%) [TC270507] 
Q6TGN5 (Q6TGN5) Proto galectin Gall-L2, partial (98%) [TC291616] 
Danio rerio zgc:65811 (zgc:65811), mRNA [NM_200552] 
Danio rerio major histocompatibility complex class I UXA2 gene 
(mhcluxa2), mRNA [NM_200585] 
Danio rerio MCM5 minichromosome maintenance deficient 5 (S. 
cerevisiae) (mcm5), mRNA [NM_ 178436] 
fb61b08.yl Zebrafish WashU MPIMG EST Danio rerio cDNA clone 
IMAGE:3716343 5' similar to TR:Q37953 Q37953 LACZ ;, mRNA 
sequence[BI896258] 
96 
AJ5JP118192 
A_15_P110670 
A_15_P117874 
A_15_P119316 
A_15_P104009 
A__15_P 1 1 1146 
A 15 PI03637 
BC055542 
C0931756 
ENSDART00000004649 
NM_001006065 
TC291562 
NM_205734 
TC292148 
Danio rerio zgc:55510, mRNA (cDNA clone IMAGE:5777163), complete 
cds. [BC055542] 
AGENCC>URT_30542667 NIH_ZGC_19 Danio rerio cDNA clone 
IMAGE:7430405 5', mRNA sequence [C0931756] 
Q6VVX0 (Q6VVX0) Cytochrome P450 2R1, partial (46%) [TC275349] 
Danio rerio zgc:101720 (zgc:101720), mRNA [NM_001006065] 
Q6NYL5 (Q6NYL5) GPT2 protein (Fragment), partial (34%) [TC291562] 
Danio rerio vascular endothelial growth factor c (vegfc), mRNA 
[NM_205734] 
Q03827 (Q03827) ETR101 protein, partial (27%) [TC292148] 
Table A5. Genes downregulated 2 days post- noise exposure 
Agilent systematic Genbank or common Description (name) [Accession no] 
name name 
A_I5_P111755 
A_15_P103118 
AJ5_P117956 
A_15_P110634 
A_15_P101653 
A_15_P120470 
A_15_P111741 
A_15_P110441 
A_15_P105957 
A_15 P107505 
A_15__P104176 
A_15_P112134 
A_15_P115802 
A_15_P117779 
A_15_P103822 
A 15 PI06996 
NM_212895 
NM_213260 
NM_131792 
NM_001009910 
NM_001002119 
CN014934 
TC270389 
NM_001002666 
NM J 99523 
NM_131373 
BC067332 
AB055667 
N M J 3 1 1 9 8 
BC076402 
TC274669 
TC285369 
Danio rerio cellular retinol-binding protein type lb (rbplb), mRNA 
[NM_212895] 
Danio rerio zgc:85900 (zgc:85900), mRNA [NM_213260] 
Danio rerio cryptochrome 2b (cry2b), mRNA [NM_131792] 
Danio rerio zgc:92626 (zgc:92626), mRNA [NM_001009910] 
Danio rerio zgc:86810 (zgc:86810), mRNA [NM_001002119] 
AGENCOURT_20636273 NIH_ZGC_17 Danio rerio cDNA clone 
IMAGE:7235342 5', mRNA sequence [CN014934] 
Q6P933 (Q6P933) Wu:fk63el0 protein (Fragment), complete 
[TC270389] 
Danio rerio zgc:91959 (zgc:91959), mRNA [NM_001002666] 
Danio rerio uncoupling protein 4 (ucp4), mRNA [NM_199523] 
Danio rerio glial fibrillary acidic protein (gfap), mRNA [NM_131373] 
Danio rerio cDNA clone IMAGE:6997495. [BC067332] 
Danio rerio D60 mRNA, partial cds. [AB055667] 
Danio rerio cathepsin L, b (ctslb), mRNA [NM_131198] 
Danio rerio cDNA clone MGC: 100783 IMAGE:6912071, complete cds. 
[BC076402] 
Q8TAC1 (Q8TAC1) LOC317671 protein, partial (42%) [TC274669] 
SXB6_MOUSE (Q8R3T5) Syntaxin-bindmg protein 6, partial (48%) 
[TC285369] 
98 
A J 5 PI13063 
A_15_P113163 
A_15_P118684 
A_15_P109273 
A_15_P110700 
A_ 15_P 108113 
A_15_P116526 
A 15 P102183 
A 15 P101078 
A J 5 J 1 16718 
A 15_P121345 
A_15 P109050 
A 1 5 PI 19259 
A_15 P101585 
A 15 P108119 
ENSDART00000039537 
ENSDART00000039958 
AJ308517 
NM_200765 
TC291233 
NM_201095 
NM_198979 
BC068410 
CN511751 
BE605648 
ENSDART00000044186 
BC068410 
BC055570 
CN014934 
TC268224 
cathepsin L, a [Source:ZFIN;Acc:ZDB-GENE-030131 -106] 
[ENSDART00000039537] 
NA 
Danio rerio partial mRNA for glycine receptor alphaZ4 subunit 
(glyRalpha4 gene). [AJ308517] 
Danio rerio zgc:73262 (zgc:73262), mRNA [NM_200765] 
FRIM_SALSA (P49947) Ferritin, middle subunit (Ferritin M), partial 
(97%) [TC291233] 
Danio rerio zgc:56376 (zgc:56376), mRNA [NM_201095] 
Danio rerio kelch repeat and BTB (POZ) domain containing 10 
(kbtbdlO), mRNA [ N M J 98979] 
Danio rerio glial fibrillary acidic protein, mRNA (cDNA clone 
IMAGE:6964900), partial cds. [BC068410] 
AGENCOURT_22422823 NIH_ZGC_9 Danio rerio cDNA clone 
IMAGE:7275163 5', mRNA sequence [CN511751] 
fll4g05.xl Zebrafish Research Genetics C32 fin Danio rerio cDNA 3' 
similar to SW:MLZ4_MOUSE Q03309 ZINC FINGER PROTEIN 
MLZ-4 ;, mRNA sequence [BE605648] 
Q8JH37 (Q8JH37) Vitellogenin 1 (Fragment), partial (39%) 
[TC268135] 
Danio rerio glial fibrillary acidic protein, mRNA (cDNA clone 
IMAGE:6964900), partial cds. [BC068410] 
Danio rerio vitronectin, mRNA (cDNA clone IMAGE:5409846), partial 
cds. [BC055570] 
AGENCOURT_20636273 NIH_ZGC_17 Danio rerio cDNA clone 
IMAGE:7235342 5', mRNA sequence [CN014934] 
Q9PUS9 (Q9PUS9) Myosin light chain 2, partial (65%) [TC268224] 
99 
A_15_P 1203 12 NM__198979 
A 15 PI20416 AI794511 
A 1 5 1 0 3 8 0 8 
A_15__P101844 
A_15_P119516 
A_15_P109056 
A_15_P101980 
A__15^P118474 
A_15_P111771 
A 15 PI07972 
NM_001004641 
N M J 3 1 4 9 0 
N M J 3 1 1 9 8 
NM_194390 
BC067685 
ENSDART00000005306 
NM_001004587 
CK362815 
A_15_P117147 TC268327 
A_15_P1 17254 NM_212783 
A_15_P120585 TC268174 
A J 5 _ P 106836 TC268068 
A_15 P108011 TC292008 
A_15 P120419 TC268325 
A 15 PI 10416 TC268116 
A 15 P106680 NM 170767 
Danio rerio keleh repeat and BTB (POZ) domain containing 10 
(kbtbdlO), mRNA [NM_198979] 
fc45c07.yl Zebrafish WashU MPIMG EST Danio rerio cDNA clone 
IMAGE:3724332 5' similar to TR:014901 014901 SP1-LIKEZINC 
FINGER TRANSCRIPTION FACTOR. mRNA sequence [AI794511] 
Danio rerio zgc: 101565 (zgc: 101565), mRNA [NM_001004641 ] 
Danio rerio major histocompatibility complex class II integral 
membrane alpha chain gene (a4), mRNA [NM__131490] 
Danio rerio cathepsm L, b (ctslb), mRNA [NM_131198] 
Danio rerio zinc finger-like gene 2 (znfl2), mRNA [NM_194390] 
Danio rerio cDNA clone IMAGE:6972273, partial cds. [BC067685] 
MRT1_HUMAN (Q9H1U9) Mitochondrial carrier triple repeat 1, partial 
(10%) [TC284844] 
Danio rerio zgc:92214 (zgc:92214), mRNA [NM_001004587] 
AGENCOURTJ7082456 NIH_ZGC_4 Danio rerio cDNA clone 
IMAGE:7087298 5*, mRNA sequence [CK362815] 
Q90YN8 (Q90YN8) Vitellogenin 1, partial (20%) [TC268327] 
Danio rerio zgc:91947 (zgc:91947), mRNA [NM_212783] 
Q90YN8 (Q90YN8) Vitellogenin 1, partial (21%) [TC268174] 
Q90YN8 (Q90YN8) Vitellogenin 1, partial (27%) [TC268068] 
BC028921 follistatin-like 1 {Mus musculus;} , partial (80%) 
[TC292008] 
Q8JH37 (Q8JH37) Vitellogenin 1 (Fragment), partial (14%) 
[TC268325] 
Q90YW4 (Q90YW4) Ribosomal protein L6 (Fragment), partial (37%) 
[TC268116] 
Danio rerio vitellogenin 1 (vgl), mRNA [NM_170767] 
100 
A_15_P106847 
A_15_P112182 
A J 5 J M 1 0 7 4 0 
A_15_P112854 
A_15_P116999 
A_15_P108848 
A_15_P113180 
A_15 PI 11264 
A_15_P104395 
A_15_P108824 
A 15 PI 14997 
A_15_P111175 
A 15 PI 18504 
A_15_P108245 
A 15 P108152 
A_15_P 109445 
A 15 PI 15272 
N M J 7 0 7 6 7 
NM_131270 
TC268283 
NM_200697 
AY034146 
TC268319 
NM_205676 
CN510720 
TC278994 
NM_001002085 
ENSDART00000050376 
CN175221 
TC282786 
NM_001004628 
AI722182 
TC268333 
NM 200965 
Danio rerio vitellogenin 1 (vgl), mRNA [NM_170767] 
Danio rerio forkhead box D5 (foxd5), mRNA [NM_131270] 
Q90YN8 (Q90YN8) Vitellogenin 1, partial (25%) [TC268283] 
Danio rerio zgc:73059 (zgc:73059), mRNA [NM_200697] 
Danio rerio vitellogenin 1 mRNA, partial cds. [AY034146] 
Q90YN8 (Q90YN8) Vitellogenin 1, partial (27%) [TC268319] 
Danio rerio zgc:77592 (zgc:77592), mRNA [NM_205676] 
AGENCOURT_22403610 NIH_ZGC_9 Danio rerio cDNA clone 
IMAGE-.7272737 5', mRNA sequence [CN510720] 
Q6NY70 (Q6NY70) Zgc:77119, complete [TC278994] 
Danio rerio zgc:86932 (zgc:86932), mRNA [NM_001002085] 
fb58h01.yl Zebrafish WashU MPIMG EST Danio rerio cDNA clone 
IMAGE:3716113 5' similar to TR:Q91190 Q91190 VITELLOGENIN ;, 
mRNA sequence [AI477561] 
AGENCOURT_21028478 NIH_ZGC_8 Danio rerio cDNA clone 
IMAGE:7244522 5', mRNA sequence [CN175221] 
Q8BKN5 (Q8BKN5) Mus musculus 12 days embryo spinal ganglion 
cDNA, RIKEN full-length enriched library, clone:D130034D06 
product:GAMMA-TUBULIN COMPLEX COMPONENT GCP5 
homolog, partial (28%) [TC282786] 
Danio rerio zgc: 101740 (zgc: 101740), mRNA [NM_001004628] 
fd20b09.yl Sugano Kawakami zebrafish DRA Danio rerio cDNA clone 
IMAGE:2352089 5' similar to contains element MER22 MER22 
repetitive element;, mRNA sequence [AI722182] 
Q8JH37 (Q8JH37) Vitellogenin 1 (Fragment), partial (12%) 
[TC268333] 
Danio rerio zgc:55380 (zgc:55380), mRNA [NM_200965] 
101 
A_15_P110860 
A_15_P108281 
A_15_P114385 
A_15_P119497 
A_15_P104165 
A__15__P114860 
A_15_P112520 
A_15_P113423 
A_15_P107326 
A_15_P100749 
A_15__P 100753 
A 15_P109098 
A_15_P112316 
A 15 PI 12825 
NM_001004112 
CK027485 
AI721910 
AI330982 
CK705740 
ENSDART00000042532 
TC285609 
NM J 94425 
NM_200516 
NM_200516 
NMA200516 
AF434191 
AF425742 
NM 194425 
Danio rerio zgc:92375 (zgc:92375), mRNA [NM_001004112] 
AGENCOURT_l 6624137 NIH_ZGC__7 Danio rerio cDNA clone 
IMAGE:7053857 5', mRNA sequence [CK027485] 
fc25a07.xl Zebrafish WashU MP IMG EST Danio rerio cDNA clone 
IMAGE:3722388 3', mRNA sequence [A1721910] 
fb04a09.yl zebrafish fin dayl regeneration Danio rerio cDNA 5', mRNA 
sequence[AI330982] 
ZF101-P00010-DEPE-R_P03 GISZF101 Danio rerio cDNA clone 
IMAGE:7138229 3', mRNA sequence [CK705740] 
013096 (013096) Slow myotomal muscle troponin-T isoform IS, 
partial (71%) [TC295191] 
MMU242874 slow skeletal muscle troponin I {Mus musculus;} , partial 
(84%) [TC285609] 
Danio rerio major histocompatibility complex, class I, ZE (hla-ze), 
mRNA [NM_194425] 
Danio rerio zgc:66286 (zgc:66286), mRNA [NM_200516] 
Danio rerio zgc:66286 (zgc:66286), mRNA [NM_200516] 
Danio rerio zgc:66286 (zgc:66286), mRNA [NM_200516] 
Danio rerio atrial myosin light chain mRNA, complete cds. [AF434191] 
Danio rerio slow muscle myosin heavy chain mRNA, partial cds. 
[AF425742] 
Danio rerio major histocompatibility complex, class I, ZE (hla-ze), 
mRNA [NM_194425] 
Table A9. Genes downregulated between 2 and 4 days post- noise exposure 
Agilent systematic Genbank or common Description (name) [Accession no] 
name name 
A 15 P109121 
A 15_P115094 
A_15_P121263 
A__15_P110290 
A_15_P117833 
AJ5_P111207 
A 15 P102832 
A__ 15_P 101818 
A_15_P112144 
A_15JP119540 
A_15_P110940 
A_15_P104502 
A 15 PI 12659 
NM_205623 
CN014468 
AF273879 
NM_205729 
NM_205623 
BC085676 
NM_205687 
NM_181438 
AY286447 
AW419856 
CK236153 
NM_212439 
BC054944 
Danio rerio luteinizing hormone beta 1 (LOC402918), mRNA 
[NM_205623] 
AGENCOURTJO189665 NIH_ZGC_15 Danio rerio cDNA clone 
IMAGE:7224689 5', mRNA sequence [CN014468] 
Danio rerio clone VH115 immunoglobulin heavy chain variable region 
mRNA, partial cds. [AF273879] 
Danio rerio nuclear receptor subfamily 1, group D, member 1 (NR1D1), 
mRNA [NM_205729] 
Danio rerio luteinizing hormone beta 1 (LOC402918), mRNA 
[NM_205623] 
Danio rerio cDNA clone IMAGE:7012610. [BC085676] 
Danio rerio glycoprotein hormones, alpha polypeptide (cga), mRNA 
[NM_205687] 
Danio rerio proopiomelanocortin (pome), mRNA [NM_181438] 
Danio rerio growth hormone mRNA, partial cds. [AY286447] 
i]84dl0.yl zebrafish gridded kidney Danio rerio cDNA 5', mRNA 
sequence [AW419856] 
AGENCOURTJ 6981774 NCI_CGAP_ZKidl Danio rerio cDNA clone 
IMAGE:7070123 5', mRNA sequence [CK236153] 
Danio rerio period homolog 4 (per4), mRNA [NM_212439] 
Danio rerio transferrin-a, mRNA (cDNA clone IMAGE:3815706), partial 
cds. [BC054944] 
1 13 
A_ _15_ 
_P1 17761 NM_200634 Danio rerio amyloid beta (A4) precursor protein-binding, family B, 
member 1 interacting protein (apbblip), mRNA [NMJ00634] 
A_ _15_ 
.PI 06963 BC074056 Danio rerio cDNA clone IMAGE:7042549, partial cds. [BC074056] 
A_ _15_ 16826 NM_131867 Danio rerio heat shock factor 2 (hsf2), mRNA [ N M J 31867] 
A_ 02357 N M J 52966 Danio rerio homogentisate 1,2-dioxygenase (hgd), mRNA [ N M J 52966] 
A_ _15_ 
_P1 14878 TC293018 Q7ZU53 (Q7ZU53) Cryptochrome 3, complete [TC293018] 
A_ 15_ _P1 12208 ENSDART00000027823 Q8HY48 (Q8HY48) Microfibril-associated glycoprotein 4 (Fragment), 
partial (48%) [TC293756] 
A_ 15_ _P1 20144 TC280593 Q6NYG0 (Q6NYG0) Zgc:77008, complete [TC280593] 
A_ _P101547 N M J 52966 Danio rerio homogentisate 1,2-dioxygenase (hgd), mRNA [NM 152966] 
A_ PI 17461 BC059568 Danio rerio cDNA clone IMAGE:4144586. [BC059568] 
A_ _15_ PI 06438 N M J 31065 Danio rerio rev erb beta 2 (reverbb2), mRNA [ N M J 31065] 
A_ J 5_ _P 1 06235 NM_001003445 Danio rerio zgc:92533 (zgc:92533), mRNA [NM_001003445] 
A_ _15_ 
_P' 03462 NM_001003445 Danio rerio zgc:92533 (zgc:92533), mRNA [NM_001003445] 
A_ P102289 N M J 125 83 Danio rerio sb:cb629 (sb:cb629), mRNA [ N M J 12583] 
A_ _15_ _P1 08507 BC076535 Danio rerio cDNA clone IMAGE:7036123, partial cds. [BC076535] 
J 5_ PI 17097 N M J 3 1 1 0 8 Danio rerio type I cytokeratin (cki), mRNA [NMJ31108] 
A_ PI 14053 N M J 13311 Danio rerio zgc:77008 (zgc:77008), mRNA [NMJ13311] 
A_ 15_ 
_P1 18357 ENSDART00000023550 heat shock protein 90-beta [Source:ZFIN;Acc:ZDB-GENE-990415-95] 
[ENSDART00000023550] 
A_ _15_ _P 1 10144 C0929138 AGENCOURT 30426169 NIH ZGC 17 Danio rerio cDNA clone 
IMAGE:7421651 5', mRNA sequence [C0929138] 
A^ J 5. 
_P1 15720 NM_001001946 Danio rerio alcohol dehydrogenase 8a (adh8a), mRNA [NM_001001946] 
A_ 
_P1 10731 TC298973 Q7YY03 (Q7YY03) Cdc2-related protein kinase, possible, partial (3%) 
[TC298973] 
J 5 _P1 .07499 N M J 3 1 0 5 2 Danio rerio T-box gene 6 (tbx6), mRNA [ N M J 31052] 
A 15 P103323 
A_ 15. PI 13791 
A_ 15_ _P1 16483 
A_ 15. PI 18878 
A 15 PI 09009 
ENSDART00000046280 
N M J 53004 
NMJO1007443 
N M J 1 2 6 7 6 
NM 131471 
lipoprotein lipase [Source:ZFIN;Acc:ZDB-GENE-990415-139] 
[ENSDART00000046280] 
Danio rerio retinol binding protein 2, cellular (rbp2), mRNA [NMJ53004] 
Danio rerio zgc:101642 (zgc:101642), mRNA [NM_001007443] 
Danio rerio glutathione S-transferase M (gstm), mRNA [ N M J 12676] 
Danio rerio major histocompatibility complex class I UBA gene 
(mhcluba), mRNA [NMJ31471] 
Table A9. Genes downregulated between 2 and 4 days post- noise exposure 
Agilent systematic Genbank or common Description (name) [Accession no] 
name name 
A__l 5_P 100753 
A_15_P107326 
A_15_P 100749 
A_15_P112316 
A J 5 _ P 112520 
A_15_P109098 
A 15 PI 14385 
A_ 
A 
15__P 106847 
15 PI 10416 
A_15_P120419 
A 15_P117147 
A 15_P120585 
A 15_P106680 
A J 5 J P 1 2 1 3 4 5 
A 15 P119497 
A 15 PI 13180 
NM_200516 
NM_200516 
NM_200516 
AF425742 
TC285609 
AF434191 
AI721910 
NM_170767 
TC268116 
TC268325 
TC268327 
TC268174 
NM_170767 
ENSD ART00000044186 
AI330982 
NM 205676 
Danio rerio zgc:66286 (zgc:66286), mRNA [NM_200516] 
Danio rerio zgc:66286 (zgc:66286), mRNA [NM_200516] 
Danio rerio zgc:66286 (zgc:66286), mRNA [NM_200516] 
Danio rerio slow muscle myosin heavy chain mRNA, partial cds. 
[AF425742] 
MMU242874 slow skeletal muscle troponin I {Mus musculus;} , partial 
(84%) [TC285609] 
Danio rerio atrial myosin light chain mRNA, complete cds. [AF434191] 
fc25a07.xl Zebrafish WashU MPIMG EST Danio rerio cDNA clone 
IMAGE:3722388 3', mRNA sequence [AI721910] 
Danio rerio vitellogenin 1 (vgl), mRNA [NM_170767] 
Q90YW4 (Q90YW4) Ribosomal protein L6 (Fragment), partial (37%) 
[TC268116] 
Q8JH37 (Q8JH37) Vitellogenin 1 (Fragment), partial (14%) [TC268325] 
Q90YN8 (Q90YN8) Vitellogenin 1, partial (20%) [TC268327] 
Q90YN8 (Q90YN8) Vitellogenin 1, partial (21%) [TC268174] 
Danio rerio vitellogenin 1 (vgl), mRNA [NM_170767] 
Q8JH37 (Q8JH37) Vitellogenin 1 (Fragment), partial (39%) [TC268135] 
fb04a09.yl zebrafish fin dayl regeneration Danio rerio cDNA 5', mRNA 
sequence[AI330982] 
Danio rerio zgc:77592 (zgc:77592), mRNA [NM_205676] 
1 13 
A J 5 J 100993 
A J 5 J M 0 1 5 8 5 
A 15 P108588 
A J 5 J M 15272 
A_15_P108113 
AJ5_P119599 
A15_P101653 
A_15__P 1 18931 
A J 5 J M 0 8 8 2 4 
A_15_P117254 
AJ5_P104436 
A 15 P109415 
A_15_P103741 
A_15_P110860 
A__15_Pl 16159 
A_15_P103426 
A J 5 _ P 104540 
A_15_P104834 
A 15 PI 13163 
TC269758 
CNO14934 
CN505651 
NM_200965 
NM_201095 
NM_131591 
NM_001002119 
BC045465 
NM_001002085 
NM_212783 
NM_200349 
BC085636 
NM__130932 
NMJ301004112 
TC290576 
NM_199858 
NM_001007287 
TC285318 
ENSDART00000039958 
CA18_RABIT (P14282) Collagen alpha l(VIII) chain precursor 
(Endothelial collagen), partial (72%) [TC269758] 
AGENCOURT_20636273 NIH_ZGC_17 Danio rerio cDNA clone 
IMAGE:7235342 5', mRNA sequence [CNO 14934] 
AGENCOURT_22439010 NIH_ZGC_7 Danio rerio cDNA clone 
IMAGE:7270426 5', mRNA sequence [CN505651] 
Danio rerio zgc:55380 (zgc:55380), mRNA [NM_200965] 
Danio rerio zgc:56376 (zgc:56376), mRNA [NM_201095] 
Danio rerio actin, alpha 1, skeletal muscle (actal), mRNA [NM_131591] 
Danio rerio zgc:86810 (zgc:86810), mRNA [NM_001002119] 
Danio rerio similar to cartilage matrix protein, mRNA (cDNA clone 
IMAGE:3817920), partial cds. [BC045465] 
Danio rerio zgc:86932 (zgc:86932), mRNA [NM J01002085] 
Danio rerio zgc:91947 (zgc:91947), mRNA [NM J 1 2 7 8 3 ] 
Danio rerio zgc:63958 (zgc:63958), mRNA [NM_200349] 
Danio rerio ATPase, Ca++ transporting, cardiac muscle, fast twitch 1, 
mRNA (cDNA clone MGC:92110 IMAGE:7048280), complete cds. 
[BC085636] 
Danio rerio creatine kinase, muscle (ckm), mRNA [NM_130932] 
Danio rerio zgc:92375 (zgc:92375), mRNA [NM_001004112] 
ACT2_XENTR (P20399) Actin, alpha sarcomeric/cardiac (Alpha 2), 
partial (28%) [TC290576] 
Danio rerio LIM domain binding 3 like (ldb31), mRNA [ N M J 99858] 
Danio rerio four and a half LIM domains a (fhla), mRNA 
[NM_001007287] 
Q802A9 (Q802A9) FGF binding protein-2, partial (24%) [TC285318] 
NA 
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A_15_P108016 
A__15__P 102592 
Al5_P114289 
A_15_P103070 
A_15_P113775 
A_15__P117984 
A_15_P111275 
A_15_P120885 
A J 5 J 1 1 8 6 8 4 
A_15_P100921 
A_15_P110361 
AJ5_P110370 
AJ5_P116968 
A_15_P104395 
AJ5JP102152 
A J 5 J 1 1 5 3 8 3 
A J 5 J 1 1 7 7 9 4 
A_15_P110054 
A 15 PI 15373 
NM_200285 
NM_213121 
N M J 3 0 9 2 7 
NM_001007287 
N M J 0 5 5 4 4 
N M J 14702 
NM_205544 
N M J 14702 
AJ308517 
BC045998 
NMJO1004534 
AJ5_P110370 
NM_131188 
TC278994 
N M J O 1007206 
N M J O 1024 
TC294933 
NM J01001409 
NM 001007205 
Danio rerio zgc:56400 (zgc:56400), mRNA [NMJ00285] 
Danio rerio zgc:64204 (zgc:64204), mRNA [NMJ13121] 
Danio rerio nucleoside diphosphate kinase-Z2 (ndpkz2), mRNA 
[NM_ 130927] 
Danio rerio four and a half LIM domains a (fhla), mRNA 
[NMJO 1007287] 
Danio rerio zgc:77243 (zgc:77243), mRNA [NMJ05544] 
Danio rerio zgc:77591 (zgc:77591), mRNA [NMJ14702] 
Danio rerio zgc:77243 (zgc:77243), mRNA [NMJ05544] 
Danio rerio zgc:77591 (zgc:77591), mRNA [NMJ14702] 
Danio rerio partial mRNA for glycine receptor alphaZ4 subunit 
(glyRalpha4 gene). [AJ308517] 
Danio rerio, clone IMAGE:5600737, mRNA. [BC045998] 
Danio rerio si:busml-194el2.11 (si:busml-194el2.11), mRNA 
[NMJO 10045 34] 
NA 
Danio rerio myosin, light polypeptide 2, skeletal muscle (mylz2), mRNA 
[NMJ31188] 
Q6NY70 (Q6NY70) Zgc:77119, complete [TC278994] 
Danio rerio si:busml-48cl 1.4 (si:busml-48cl 1.4), mRNA 
[NMJO 1007206] 
Danio rerio phosphoglycerate mutase 2 (muscle) (pgam2), mRNA 
[NMJO 1024] 
1101351A actin. {Petromyzontidae gen. sp.;} , partial (30%) [TC294933] 
Danio rerio actin, alpha, cardiac muscle like (actcl), mRNA 
[NMJO 1001409] 
Danio rerio si:busml-48cll.3 (si:busml-48cl 1.3), mRNA 
[NMJO 1007205] 
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15 P 119259 BC055570 Danio rerio vitronectin, mRNA (cDNA clone IMAGE:5409846), partial 
cds. [BC055570] 
15 P 119187 NMJ98978 Danio rerio programmed cell death 4 (pdcd4), mRNA [NM_198978] 
A_ 15. P 109273 NM_200765 Danio rerio zgc:73262 (zgc:73262), mRNA [NM_200765] 
A___ 15_ P 115476 NM_212622 Danio rerio wu:fb63g02 (wu:ft63g02), mRNA [NM_212622] 
A_ 15 P 101078 CN511751 AGENCOURT 22422823 NIH ZGC 9 Danio rerio cDNA clone 
IMAGE:7275163 5', mRNA sequence [CN511751] 
15_ P 110113 NM_200129 Danio rerio zgc:55391 (zgc:55391), mRNA [NM_200129] 
A_ 15 P 111694 BC076256 Danio rerio parvalbumin, mRNA (cDNA clone MGC:92782 
IMAGE:7087368), complete cds. [BC076256] 
1 5_ P 104928 NM_213005 Danio rerio zgc:56140 (zgc:56140), mRNA [NM_213005] 
A_ 15_ P 121255 TC279676 NUDM_BOVIN (P34942) NADH-ubiquinone oxidoreductase 42 k.Da 
subunit, mitochondrial precursor (Complex I-42KD) (CI-42KD) , partial 
(80%) [TC279676] 
A_ 15. P 111858 N M J 3 1 5 2 2 Danio rerio actinin alpha 3 (actn3), mRNA [NM_131522] 
A_ 15_ P 101040 NM_212756 Danio rerio wu:fbl4al2 (wu:fbl4al2), mRNA [NM_212756] 
A 15 P 111264 CN510720 AGENCOURT 22403610 NIH ZGC 9 Danio rerio cDNA clone 
IMAGE:7272737 5', mRNA sequence [CN510720] 
A__ .15. P 107308 NMJ31802 Danio rerio ceruloplasmin (cp), mRNA [NM_131802] 
A_ .15. P 112984 NM__001007118 Danio rerio helentron 4 helitron-like transposon 
109 
Table A9. Genes downregulated between 2 and 4 days post- noise exposure 
Agilent systematic Genbank or common Description (name) [Accession no] 
name name 
A_15_P112825 
A J 5 J M 13423 
A J 5 _ P 108281 
A_15_P117617 
A_15_P108245 
A J 5 _ P 1 10370 
A J 5 J M 0 7 3 1 7 
AJ5_P121368 
AJ5_P121263 
A_15_P111771 
A_15_P101844 
A 15 P105258 
N M J 94425 
N M J 94425 
CK027485 
C0811948 
NM_001004628 
A_15_P110370 
ENSDART00000041966 
AI959600 
AF273879 
NM_001004587 
N M J 3 1 4 9 0 
AB062U6 
Danio rerio major histocompatibility complex, class I, ZE (hla-ze), 
mRNA [ N M J 94425] 
Danio rerio major histocompatibility complex, class 1, ZE (hla-ze), 
mRNA [ N M J 94425] 
AGENCOURT_ 16624137 NIH_ZGC_7 Danio rerio cDNA clone 
IMAGE-.7053857 5', mRNA sequence [CK027485] 
AGENCOURTJ0342211 N1H_ZGCJ4 Danio rerio cDNA clone 
IMAGE:7399992 5', mRNA sequence [C0811948] 
Danio rerio zgc:101740 (zgc:101740), mRNA [NM^OO 1004628] 
NA 
RZ153A4H10.T3 Zebrafish Kidney Marrow cDNA library Danio rerio 
cDNA clone RZ153A4H10 5', mRNA sequence [CD604611] 
fdl 1 fl2 .x 1 Zebrafish WashU MPIMG EST Danio rerio cDNA clone 
IMAGE:3730607 3', mRNA sequence [AI959600] 
Danio rerio clone VH115 immunoglobulin heavy chain variable region 
mRNA, partial cds. [AF273879] 
Danio rerio zgc:92214 (zgc:92214), mRNA [NM_001004587] 
Danio rerio major histocompatibility complex class II integral membrane 
alpha chain gene (a4), mRNA [ N M J 31490] 
Danio rerio HSP70 mRNA for stress protein HSP70, complete cds. 
[AB062116] 
1 13 
A_15_P100607 
A_15_P118357 
A_15_P119151 
A_15_P107972 
A_15_P105655 
A_15_P106963 
A 15 J 1 0 0 8 4 7 
A 15_P117097 
A J5_P103462 
A J 5 J 1 06235 
A _15_P113156 
A 15JP117461 
A J 5 J 1 0 9 0 5 6 
A_15_P102295 
A_15_P116011 
A_15_P110144 
A J 5_P 105066 
A_15_P115720 
A 15 PI 12134 
ENSDART00000049778 
ENSDART00000023550 
CD758931 
CK362815 
CN325859 
BC074056 
NM_001007378 
N M J 3 1 108 
N M J O 1003445 
N M J O 1003445 
ENSDART00000027072 
BC059568 
NM J 9 4 3 9 0 
TC284925 
N M J 12650 
C0929138 
C0926454 
N M J O 1001946 
AB055667 
Q8K0D2 (Q8K0D2) Hyaluronic acid binding protein 2, partial (31%) 
[TC280581] 
heat shock protein 90-beta [Source:ZFIN;Acc:ZDB-GENE-990415-95] 
[ENSDART00000023550] 
AGENCOURTJ4632638 NCI_CGAP_ZKidl Danio rerio cDNA clone 
IMAGE:6961351 5', mRNA sequence [CD758931] 
AGENCOURTJ7082456 N1H_ZGC_4 Danio rerio cDNA clone 
IMAGE:7087298 5', mRNA sequence [CK362815] 
AGENCOURTJ 1848984 NIH_ZGC_8 Danio rerio cDNA clone 
IMAGE-.7261289 5', mRNA sequence [CN325859] 
Danio rerio cDNA clone IMAGE:7042549, partial cds. [BC074056] 
Danio rerio zgc: 101865 (zgc: 101865), mRNA [NMJO 1007378] 
Danio rerio type I cytokeratin (cki), mRNA [ N M J 31108] 
Danio rerio zgc:92533 (zgc:92533), mRNA [NMJO 1003445] 
Danio rerio zgc:92533 (zgc:92533), mRNA [NMJO 1003445] 
Q8JI26 (Q8JI26) Clq-like adipose specific protein, partial (46%) 
[TC291761] 
Danio rerio cDNA clone 1MAGE:4144586. [BC059568] 
Danio rerio zinc finger-like gene 2 (znfl2), mRNA [ N M J 94390] 
Q9TWB1 (Q9TWB1) Integrase (Fragment), partial (48%) [TC284925] 
Danio rerio si:dkey-98p3.1 (si:dkey-98p3.1), mRNA [NMJ12650] 
AGENCOURTJ0426169 NIH_ZGC_17 Danio rerio cDNA clone 
IMAGE:7421651 5', mRNA sequence [C0929138] 
AGENCOURTJ0427861 NIH_ZGCJ7 Danio rerio cDNA clone 
IMAGE:7425015 5', mRNA sequence [C0926454] 
Danio rerio alcohol dehydrogenase 8a (adh8a), mRNA [NMJO 1001946] 
Danio rerio D60 mRNA, partial cds. [AB055667] 
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15_P 107730 NM_213451 Danio rerio zgc:63783 (zgc:63783), mRNA [NM_213451] 
Table A9. Genes downregulated between 2 and 4 days post- noise exposure 
Agilent systematic Genbank or common Description (name) [Accession no] 
name name 
A_15_P112144 
A_15_P103566 
A_15_P100993 
A_15_P118745 
A J 5 P100713 
A_15_P106847 
A J 5 _ P 110416 
A 15_P117147 
A 15_P120419 
A_15_P118789 
A J 5 J 1 0 8 5 8 8 
A 15 PI 16304 
A J 5 J M 18179 
A J 5 _ P 105880 
A 15 P120585 
AY286447 
TC287044 
TC269758 
TC282441 
CF996283 
N M J 70767 
TC268116 
TC268327 
TC268325 
TC292463 
CN505651 
ENSD ART00000040691 
TC286423 
N M J 0 1 3 3 4 
TC268174 
Danio rerio growth hormone mRNA, partial cds. [AY286447] 
Q8QGB0 (Q8QGB0) VHSV-mduced protein-10, partial (45%) 
[TC287044] 
CA18JRABIT (PI4282) Collagen alpha 1 (VIII) chain precursor 
(Endothelial collagen), partial (72%) [TC269758] 
Q6UXW5 (Q6UXW5) RLN3, partial (34%) [TC282441] 
AGENCOURTJ6394428 NIH_ZGC_7 Danio rerio cDNA clone 
IMAGE:7037941 5', mRNA sequence [CF996283] 
Danio rerio vitellogenin 1 (vgl), mRNA [NMJ70767] 
Q90YW4 (Q90YW4) Ribosomal protein L6 (Fragment), partial (37%) 
[TC268116] 
Q90YN8 (Q90YN8) Vitellogenin 1, partial (20%) [TC268327] 
Q8JH37 (Q8JH37) Vitellogenin 1 (Fragment), partial (14%) [TC268325] 
Q6PEG6 (Q6PEG6) Mybbp 1 a protein (Fragment), complete [TC292463] 
AGENCOURTJ2439010 NIH_ZGC_7 Danio rerio cDNA clone 
IMAGE:7270426 5', mRNA sequence [CN505651] 
fz82al l .yl Sugano SJD adult male Danio rerio cDNA clone 
IMAGE:5914677 5' similar to TR:Q90714 Q90714 
TRANSGLUTAMINASE ;, mRNA sequence [BQ258468] 
Q71RG1 (Q71RG1) FP291, partial (55%) [TC286423] 
Danio rerio zgc:64065 (zgc:64065), mRNA [NMJ01334] 
Q90YN8 (Q90YN8) Vitellogenin 1, partial (21%) [TC268174] 
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A_15_P121345 
AJ5_P104834 
A_15_P106680 
A_15_P112389 
A_15_P106092 
A_15__P1 16088 
A__l 5_P 111775 
A_15_P120422 
A 15 P112433 
A_15_P106458 
A__l 5_P 111786 
A_15_P101735 
A_15_P113902 
A J 5_P114385 
A_15_P118931 
A_15_P107847 
A_15_P104906 
A 15 PI 11934 
ENSD ART00000044186 
TC285318 
N M J 70767 
NM J 9 8 8 1 5 
NMJ00091 
N M J 12837 
AF500198 
TC297448 
TC293883 
CD759602 
N M J 1 3 5 5 6 
TC293041 
NM_001007365 
AI721910 
BC045465 
TC291616 
N M J 99214 
AW115536 
A 15 P100578 NM 131879 
Q8JH37 (Q8JH37) Vitellogenin 1 (Fragment), partial (39%) [TC268135] 
Q802A9 (Q802A9) FGF binding protein-2, partial (24%) [TC285318] 
Danio rerio vitellogenin 1 (vgl), mRNA [ N M J 70767] 
Danio rerio stearoyl-CoA desaturase (delta-9-desaturase) (scd), mRNA 
[NMJ98815] 
Danio rerio si:xx-51fl9.2 (si:xx-5lfl 9.2), mRNA [NMJ00091] 
Danio rerio potassium voltage-gated channel, subfamily H (eag-related), 
member 2 (kcnh2), mRNA [ N M J 12837] 
Danio rerio fibronectin variant 3 mRNA, partial cds. [AF500198] 
Q80ZA0 (Q80ZA0) Intelectm 2, partial (48%) [TC297448] 
Q8QGN9 (Q8QGN9) Granulin-A, partial (27%) [TC293883] 
AGENCOURTJ4628712 NCI_CGAP_ZKid 1 Danio rerio cDNA clone 
IMAGE:6961031 5', mRNA sequence [CD759602] 
Danio rerio jun B proto-oncogene (junb), mRNA [ N M J 13556] 
Q7T2M5 (Q7T2M5) Ubquitin-like protein 2, partial (97%) [TC293041] 
Danio rerio zgc: 103650 (zgc: 103650), mRNA [NM_001007365] 
fc25a07.xl Zebrafish WashU MPIMG EST Danio rerio cDNA clone 
IMAGE:3722388 3', mRNA sequence [AI721910] 
Danio rerio similar to cartilage matrix protein, mRNA (cDNA clone 
IMAGE:3817920), partial cds. [BC045465] 
Q6TGN5 (Q6TGN5) Proto galectin Gall-L2, partial (98%) [TC291616] 
Danio rerio collagen, type I, alpha 1 (col 1 a 1), mRNA [ N M J 99214] 
fd42g02.xl Zebrafish WashU MPIMG EST Danio rerio cDNA clone 
IMAGE:3732434 3' similar to gb:X67318 CARBOXYPEPTIDASE A1 
PRECURSOR (HUMAN);, mRNA sequence [AW115536] 
Danio rerio cytochrome P450, family 1, subfamily A (cypla), mRNA 
[NMJ31879] 
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A_15_P112968 
A 15 P120335 
TC280209 
BC062823 
A J 5 J 1 0 8 0 1 6 
A 15 PI00712 
NM_200285 
ENSDART00000017954 
A J 5 J 103870 
A 15 PI 15732 
N M J 12889 
NM 131842 
A 15 P108897 AI437061 
A 15 PI02324 NM 131694 
A J 5 J 1 2 0 9 9 5 
A 15 P116897 
AY538257 
TC290346 
A J 5 J 1 1 6 1 5 9 
A J 5 _ P 103741 
A_15_P114262 
AJ5__P 120934 
A_15_P107066 
A 15 PI06749 
TC290576 
N M J 30932 
N M J 31042 
N M J 31839 
TC290282 
NM 201478 
035275 (035275) Ets transcription factor, partial (28%) [TC280209] 
Danio rerio cDNA clone MGC:77569 IMAGE:7001801, complete cds. 
[BC062823] 
Danio rerio zgc:56400 (zgc:56400), mRNA [NMJ00285] 
Q764P8 (Q764P8) Embryonic transglutaminase, partial (31%) 
[TC294755] 
Danio rerio zgc:77076 (zgc:77076), mRNA [ N M J 12889] 
Danio rerio Kreisler (mouse) maf-related leucine zipper homolog 2.2 
(krml2.2), mRNA [NMJ31842] 
fb37d05.yl Zebrafish WashU MPIMG EST Danio rerio cDNA clone 
IMAGE:3714057 5' similar to TR:035783 035783 CBP-50 PROTEIN. ;, 
mRNA sequence [AI437061] 
Danio rerio MHC class II integral membrane protein alpha chain 2 (a2), 
mRNA [ N M J 31694] 
Danio rerio fibronectin 3 mRNA, complete cds. [AY538257] 
Cyprinus carpio intergenic spacer region, partial sequence; 5' external 
transcribed spacer, 18S ribosomal RNA gene, internal transcribed spacer 
1, 5.8S ribosomal RNA gene and internal transcribed spacer 2, complete 
sequence; and 28S ribosomal RNA... 
ACT2 JOENTR (P20399) Actin, alpha sarcomeric/cardiac (Alpha 2), 
partial (28%) [TC290576] 
Danio rerio creatine kinase, muscle (ckm), mRNA [NMJ30932] 
Danio rerio fibulin 1 (fblnl), mRNA [ N M J 31042] 
Danio rerio Kreisler (mouse) maf-related leucine zipper homolog 2 
(krml2), mRNA [NMJ31839] 
Q90324 (Q90324) Cysteine proteinase, partial (40%) [TC290282] 
Danio rerio collagen, type I, alpha 3 (colla3), mRNA [ N M J O 1478] 
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A J 5 J 1 0 0 9 2 1 
A J 5 J 104367 
A J 5 J 1 1 9 3 1 6 
A_15_P104901 
A__l 5_P 103411 
A_15_P107326 
A 15_P104877 
A J 5 J 1 19599 
A 15_P116968 
A J 5 J 1 0 2 9 5 6 
A J 5 _ P 103651 
A_15_P106125 
A_15_P102826 
A_15_P107509 
A l 5 J 1 1 1 1 4 6 
AJ5_P117472 
A_15_P103161 
A J5_P114749 
A J 5 J 1 0 6 7 9 8 
A J 5 J 1 0 2 5 9 2 
A 15 PI 19659 
BC045998 
N M J 9 9 7 3 0 
NM_001006065 
NM_200224 
AL714172 
NM_200516 
NM_201503 
NM J 3 1 5 9 1 
NM__131188 
NM_200378 
NM J 9 4 3 8 8 
NM_212889 
NM_200359 
BM778878 
NM_205734 
BI845329 
NM_001005976 
NM_200856 
NM_199214 
NM_213121 
ENSDART00000045967 
Danio rerio, clone IMAGE:5600737, mRNA. [BC045998] 
Danio rerio zgc:77691 (zgc:77691), mRNA [NMJ99730] 
Danio rerio zgc:101720 (zgc: 101720), mRNA [NM_001006065] 
Danio rerio zgc:56292 (zgc:56292), mRNA [NM J 0 0 2 2 4 ] 
AL714172 Danio rerio embryonic inner ear subtracted cDNA Danio rerio 
cDNA clone BN0AA002ZF08 3', mRNA sequence [AL714172] 
Danio rerio zgc:66286 (zgc:66286), mRNA [NMJ00516] 
Danio rerio matrix metalloproteinase 13 (mmpl3), mRNA [NMJ01503] 
Danio rerio actin, alpha 1, skeletal muscle (actal), mRNA [NMJ31591] 
Danio rerio myosin, light polypeptide 2, skeletal muscle (mylz2), mRNA 
[NM_131188] 
Danio rerio zgc:64116 (zgc:64116), mRNA [NMJ00378] 
Danio rerio tubulin, alpha 1 (tubal), mRNA [ N M J 943 88] 
Danio rerio zgc:77076 (zgc:77076), mRNA [ N M J 12889] 
Danio rerio zgc:64002 (zgc:64002), mRNA [NMJ00359] 
fx23g09.yl Zebrafish C32 14 somite embryo Danio rerio cDNA clone 
IMAGE:5620816 5', mRNA sequence [BM778878] 
Danio rerio vascular endothelial growth factor c (vegfc), mRNA 
[NM_205734] 
fs93hl l.yl Zebrafish neuronal Danio rerio cDNA clone IMAGE:5077485 
5', mRNA sequence [BI845329] 
Danio rerio zgc: 103597 (zgc: 103597), mRNA [NMJO 1005976] 
Danio rerio zgc:77727 (zgc:77727), mRNA [NMJ00856] 
Danio rerio collagen, type I, alpha 1 (collal), mRNA [ N M J 99214] 
Danio rerio zgc:64204 (zgc:64204), mRNA [ N M J 13121] 
Q6PFG7 (Q6PFG7) Tyki protein, partial (25%) [TC276120] 
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